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DISCLAIMER
The views expressed in this report are those of the Workshop participants
and are not necessarily those of the Great Lakes Water Quality Board or the
Internationai Joint Commission.
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 INTRODUCTION
Observations of cancer in wild fish populations, both in the Great Lakes
and elsewhere, suggest that environmental contaminants play a critical role in
the etiology of this disease. Bottom—dwelling fish have been shown to be most
ofte
n af
fect
ed b
y tu
mors
and
this
may
be b
ecau
se o
f th
eir
asso
ciat
ion
with
cont
amin
ated
sedi
ment
s.
Sedi
ment
s se
rve
as r
eser
voir
s fo
r a
numb
er o
f
carc
inog
enic
chem
ical
s wh
ich
may
be a
vail
able
to f
ish
thro
ugh
resp
irat
ion,
ing
est
ion
, o
r p
hys
ica
l c
ont
act
.
In
lig
ht
of
this
, t
he
nee
d e
xis
ts
for
reg
ula
tor
y t
est
ing
of
bot
tom
sed
ime
nts
for
the
ir
pot
ent
ial
car
cin
oge
nic
ity
.
Tes
tin
g o
f s
edi
men
ts
for
car
cin
oge
nic
ity
wil
l
be
inc
orp
ora
ted
as
par
t o
f
the
ove
ral
l s
edi
men
t t
est
ing
str
ate
gy
(Fi
gur
e 1
) r
eco
mme
nde
d b
y t
he
Sed
ime
nt
Sub
com
mit
tee
of
the
Gre
at
Lak
es
Wat
er
Qua
lit
y B
oar
d (
IJC
l98
9).
Wit
hin
thi
s
tes
tin
g
str
ate
gy,
the
fol
low
ing
rec
omm
end
ati
on
was
mad
e
reg
ard
ing
the
tes
tin
g
of
sed
ime
nts
for
car
cin
oge
nic
ity
/mu
tag
eni
cit
y.
"A
rel
iab
le
sho
rt—
ter
m
tes
t
for
mea
sur
ing
mut
age
nic
pot
ent
ial
of
sed
ime
nts
is
not
cur
ren
tly
ava
ila
ble
.
How
eve
r,
unt
il
a s
ati
sfa
cto
ry
met
hod
is
dev
elo
ped
,
exi
sti
ng
sho
rt-
ter
m
tes
ts,
suc
h
as
the
Ame
s
Sal
mon
ell
a/m
icr
oso
me
ass
ay,
sho
uld
be
per
for
med
.
The
res
ult
s
of
the
se
tes
ts
nee
d
to
be
use
d
wit
h
cau
tio
n
bec
aus
e
of
the
fre
que
ncy
of
fal
se
neg
ati
ves
and
the
unc
ert
ain
ty
ass
oci
ate
d
wit
h
che
mic
al
mix
tur
es.
Com
par
iso
n o
f b
ulk
che
mis
try
ana
lys
es
wit
h e
xis
tin
g c
arc
ino
gen
ici
ty
dat
a b
ase
s w
ill
pro
vid
e
supportive information.”
In
an
eff
ort
to
bet
ter
und
ers
tan
d a
nd
uti
liz
e i
n v
itr
o a
ssa
ys
ava
ila
ble
for
ass
ess
ing
car
cin
oge
nic
ity
,
a w
ork
sho
p w
as
hel
d a
t t
he
U.S
.
Env
iro
nme
nta
l
Pro
tec
tio
n A
gen
cy-
Env
iro
nme
nta
l
Res
ear
ch
Lab
ora
tor
y i
n D
ulu
th,
Min
nes
ota
,
Jan
uar
y
l7—
l9,
198
9.
Thi
s
wor
ksh
op
was
att
end
ed
by
15
inv
ite
d
sci
ent
ist
s
fro
m
bot
h
the
Uni
ted
Sta
tes
and
Can
ada
wit
h
exp
ert
ise
in
can
cer
,
in
vit
ro
tes
tin
g,
and
sed
ime
nt
tox
ici
ty
and
che
mis
try
.
The
for
mat
of
thi
s w
ork
sho
p i
ncl
ude
d
for
mal
pre
sen
tat
ion
s,
gen
era
l
dis
cus
sio
ns
and
the
dev
elo
pme
nt
of
a s
et
of
con
clu
sio
ns,
a t
est
ing
str
ate
gy,
and
res
ear
ch
rec
omm
end
ati
ons
reg
ard
ing
pot
ent
ial
sed
ime
nt
car
cin
oge
nic
ity
.
Thi
s d
ocu
men
t s
umm
ari
zes
the
pro
cee
din
gs
of
the
wor
ksh
op
and
mak
es
rec
omm
end
ati
ons
con
cer
nin
g s
edi
men
t t
est
ing
for
car
cin
oge
nic
pot
ent
ial
.
It
sho
uld
be
und
ers
too
d t
hat
the
se
rec
omm
end
ati
ons
are
mad
e u
sin
g a
vai
lab
le
sci
ent
ifi
c i
nfo
rma
tio
n a
nd
tha
t a
s o
ur
kno
wle
dge
in
thi
s a
rea
exp
and
s,
it
sho
uld
res
ult
in
upd
ati
ng
or
alt
eri
ng
thi
s t
est
ing
strategy.
SUMMARY OF PRESENTATIONS
Thi
s s
ect
ion
bri
efl
y s
umm
ari
zes
the
for
mal
pre
sen
tat
ion
s
mad
e d
uri
ng
the
wor
ksh
op.
Ext
end
ed
abs
tra
cts
of
the
se
pre
sen
tat
ion
s
are
con
tai
ned
in
App
end
ix
A a
nd
sho
uld
be
ref
err
ed
to
for
mor
e i
nfo
rma
tio
n.
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Dr. Michael Mac presented the introduction and a set of objectives to the
workshop. The introduction included background information on the need for
sediment assessment, a brief history of sediment contamination problems, and
the Sediment Subcommittee's recommended protocol. A set of four objectives
for the workshop were proposed:
a) Evaluate in vitro methods for predicting potential carcinogenicity of
sediment associated compounds;
b) Specifically examine the use of the Ames Salmonella/microsome assay
(her
eina
fter
refe
rred
to a
s th
e Am
es t
est)
with
vari
ous
sedi
ment
l
ext
rac
ts;
l
c)
Esta
blis
h a
prot
ocol
for
test
ing
sedi
ment
carc
inog
enic
ity
usin
g
in vitro methods if appropriate;
d)
Rec
omm
end
are
as
of
res
ear
ch
and
dev
elo
pme
nt
tha
t w
oul
d i
mpr
ove
our
g
predictive capability regarding sediment carcinogenicity;
Dr.
Paul
Bau
man
n p
res
ent
ed
dat
a o
n l
ive
r c
anc
er
inc
ide
nce
in
fer
al
fis
h
pop
ula
tio
ns
and
evi
den
ce
tha
t s
edi
men
ts
con
tam
ina
ted
wit
h p
oly
nuc
lea
r a
rom
ati
c
hyd
roc
arb
ons
(PAH
) c
orr
ela
ted
well
wit
h t
he
occ
urr
enc
e o
f t
umo
rs.
It
was
als
o
poi
nte
d o
ut
tha
t l
imi
ted
sam
pli
ng
of
sed
ime
nts
and
the
ir
spa
tia
l h
ete
rog
ene
ity
as w
ell
as u
ncer
tain
ty o
f fi
sh m
ovem
ents
prev
ente
d es
tabl
ishi
ng
clea
r ca
use
and effect relationships in the field.
 
Dr.
Spa
ldi
ng
dis
cus
sed
the
rel
ati
ons
hip
s b
etw
een
the
res
ult
s o
f s
hor
t t
erm
in
vit
ro
ass
ays
and
rod
ent
car
cin
oge
nic
ity
bio
ass
ays
.
The
mut
age
nic
ity
ass
ays
sho
wed
goo
d a
gre
eme
nt
amo
ng
one
ano
the
r a
nd
wer
e e
ffe
cti
ve
at
ide
nti
fyi
ng
gen
oto
xic
car
cin
oge
ns.
How
eve
r,
he
con
clu
ded
tha
t m
uta
gen
ici
ty
ass
ays
(su
ch
as
the
Ame
s t
est
) d
o n
ot
pro
vid
e i
nfo
rma
tio
n a
ppl
ica
ble
to
the
eva
lua
tio
n o
f
non
gen
oto
xic
car
cin
oge
ns
whi
ch
con
sti
tut
e 3
5—4
0%
of
kno
wn
rod
ent
car
cin
oge
ns.
Dr.
Dav
id
Hin
ton
ide
nti
fie
d f
ish
spe
cie
s t
hat
sho
wed
pro
mis
e f
or
car
cin
oge
nic
ity
tes
tin
g,
and
lis
ted
com
pou
nds
tha
t p
rod
uce
tum
ors
in
fis
h.
He
als
o r
evi
ewe
d
exp
osu
rero
ute
s a
nd
lat
enc
y p
eri
ods
fro
m f
ish
can
cer
stu
die
s a
nd
identified tissues shown to be capable of developing tumors.
Dr. Russell Malcolm presented results of studies that demonstrate
indu
ctio
n of
tumo
rs
in f
ish
thro
ugh
expo
sure
to c
onta
mina
ted
sedi
ment
s a
nd/o
r
diet
.
in
vit
ro
tes
ts
(in
clu
din
g A
mes
) c
ond
uct
ed
on
ext
rac
ts
of
the
se
sediments indicated that certain fractions were mutagenic.
Dr.
Dav
id
Rok
osh
rev
iew
ed
the
lit
era
tur
e o
n m
uta
gen
ici
ty
tes
tin
g o
f
envi
ronm
enta
l s
ampl
es.
Seve
ral
fact
ors
such
as u
nkno
wn c
hemi
cal
comp
osit
ion,
0
inte
ract
ions
in c
hemi
cal
mixt
ures
, p
oten
tial
dire
ct t
oxic
ity
to t
est
anim
als,
and
var
yin
g t
he
amo
unt
of
S—9
use
d f
or
met
abo
lic
act
iva
tio
n c
omp
lic
ate
interpretation of in vitro mutagenicity assay results.
Dr. Alex Maccubbin reviewed physiological responses of fish to
carc
inog
enic
chem
ical
expo
sure
..
Know
ledg
e of
fish
meta
boli
sm a
nd i
mmun
e
systems is highly deficient.
 
 Mr. Michael Fox spoke on chemical extraction and fractionation of
sediments. One fractionation protocol was recommended that comprises a number
of established extraction methods. The advantage of fractionating samples is
that it permits the identification of specific mutagens and a reduction in
toxicity to bacteria compared with crude extracts. Fractionation can also
allow the detection of responses that may be masked by the presence of
inhibiting chemicals. However, extensive fractionation will create additional
samples for testing.
CONSENSUS CONCLUSIONS
1. A cause—effect relationship is strongly indicated between contaminated
sediments and neoplastic disease in fish. The clearest demonstration is
for liver (and possibly skin) neoplasia in fish exposed to sediments
contaminated with polynuclear aromatic hydrocarbons (PAHs). Several
studies supply the following evidence to support this conclusion.
0 the presence of mutagens and carcinogens in sediment and tissue
residues
0 trophic transfer of potential carcinogens from invertebrates to fish
0 the presence of enzyme pathways in liver and other organs for the
metabolism of promutagens and procarcinogens into their ultimate
mutagenic and carcinogenic forms
0 the formation of DNA adducts in liver cells of fish exposed to
polluted sediments
o
the occurrence of liver and sometimes skin tumor epizootics in 14
species of wild fish from over 35 locations where chemicals are
concentrated
o
the experimental
induction of liver and skin neoplasms
in fish and
mice with extracts of sediment from areas where epizootic liver
neoplasms occur in wild fish
0
the
experimental
induction
of
liver
cancer
plus
cancer
at
other
tissue
sites
with
approximately
three
dozen
known
carcinogenic
chemicals
in
one or more
of
numerous
species
of
fish
2.
Fish
can
be
exposed
to
sediment—associated,
cancer—causing
chemicals
through
several
routes.
Uptake
may
occur
through
trophic
transfer
from
benthic
invertebrates.
Alternatively,
the
equilibrium
partitioning
of
these
chemicals
between
the
sediment
and
water
permits
the
direct
absorption of these agents via the gills.
3.
Fish
are
good
indicators
of
environmental
quality,
through
either
their
absence
in
otherwise
suitable
habitat,
or
through
the
presence
of
tissue
lesions
including
neoplasia.
Moreover,
fish
are
good
sentinels
of
possible
effects
in
humans
because
toxicological
effects
found
in
one
phylum
are
likely
to
be
relevant
indicators
of
effects
in
other
phyla.
In
other
words,
toxicological
effects
in
lower
vertebrates
are
relevant
to
humans.
Since
chemicals
in
sediments
have
caused
adverse
effects
on
fish,
_ 4 _
 direct or indirect exposure of humans to sediment contaminants poses a
risk to human health. Possible exposure routes to human include direct
dermal contact and ingestion of contaminated food and water.
Reliable iﬂ vitro assays exist that can be used to detect genotoxic
chemicals. In short—term tests, demonstrated genotoxicity indicates the
potential to induce heritable genetic effects in offspring, as well as
cancer in exposed organisms. Because mutation is an endpoint that can
indicate direct impact on health, it should be regarded as an adverse
toxi
colo
gica
l e
ffec
t pe
r se
. A
ccor
ding
ly,
it i
s pr
uden
t to
cons
ider
sedi
ment
s t
hat
test
posi
tive
in t
he A
mes
test
as a
pote
ntia
l h
azar
d to
biota.
Env
iro
nme
nta
l
car
cin
oge
ns
can
be
cla
ssi
fie
d a
s e
ith
er
gen
oto
xic
or
non
gen
oto
xic
.
Sta
nda
rdi
zed
and
val
ida
ted
in
vit
ro
ass
ays
exi
st w
hic
h c
an
be
use
d t
o d
ete
ct
gen
oto
xic
che
mic
als
,
e.g
.
the
Ame
s
tes
t c
an
det
ect
gen
oto
xic
car
cin
oge
ns
wit
h a
hig
h d
egr
ee
of
pro
bab
ili
ty
(Te
nna
nt
et
al.
198
7).
Val
ida
ted
in
vit
ro
ass
ays
for
det
ect
ing
non
gen
oto
xic
car
cin
oge
ns
are
not
cur
ren
tly
ava
ila
ble
,
but
are
und
er
dev
elo
pme
nt.
Bec
aus
e o
f t
he
sig
nif
ica
nt
pro
por
tio
n o
f c
arc
ino
gen
s
tha
t m
ay
be
non
gen
oto
xic
(40
%,
Ash
by
and
Ten
nan
t,
198
8)
a v
ali
d b
ioa
ssa
y f
or
the
ir
det
ect
ion
is
urg
ent
ly
nee
ded
and
sho
uld
be
inc
orp
ora
ted
int
o
a s
edi
men
t
ass
ess
men
t
pro
toc
ol
whe
n
available.
The
Ame
s
tes
t
is
rec
omm
end
ed
for
the
fir
st
tie
r
scr
een
ing
of
sed
ime
nts
for
gen
oto
xic
che
mic
als
.
Pos
iti
ve
res
ult
s
con
fir
m
the
pre
sen
ce
of
mut
age
nic
com
pou
nds
and
sug
ges
t
tha
t
add
iti
ona
l
tes
tin
g
is
req
uir
ed
to
def
ine
the
haz
ard
ass
oci
ate
d
wit
h
exp
osu
re
to
the
sed
ime
nt.
Sin
ce
inh
eri
ted
gen
eti
c
dis
eas
e
and
car
cin
oge
nes
is
are
in
viy
g p
roc
ess
es,
in
vit
ro
tes
ts
are
not
dir
ect
mea
sur
es
of
car
cin
oge
nes
is.
The
ref
ore
,
to
ver
ify
or
inc
rea
se
the
con
fid
enc
e
in
any
haz
ard
ass
ess
men
t
bas
ed
upo
n
in
vit
ro
res
pon
ses
,
an
in
vi
vg
bi
oa
ss
ay
is
st
ro
ng
ly
re
co
mm
en
de
d
and
is
es
se
nt
ia
l
wh
er
e
hu
ma
n
exposure is expected.
A n
ega
tiv
e
res
ult
in
the
Ame
s
tes
t
is
not
a
rel
iab
le,
sta
nd-
alo
ne
ind
ica
tio
n t
hat
sed
ime
nts
are
not
car
cin
oge
nic
.
The
Ame
s t
est
doe
s n
ot
de
te
ct
no
ng
en
ot
ox
ic
ca
rc
in
og
en
s
and
do
es
not
de
te
ct
all
ge
no
to
xi
c
car
cin
oge
ns;
the
ref
ore
,
a s
eco
nd-
tie
r c
onf
irm
ati
on
of
a n
ega
tiv
e A
mes
tes
t
res
ult
is
req
uir
ed
und
er
vir
tua
lly
all
cir
cum
sta
nce
s.
The
in
vit
ro
ass
ess
men
t
of
sed
ime
nt
ass
oci
ate
d
con
tam
ina
nts
sho
uld
be
mad
e
ini
tia
lly
usi
ng
che
mic
al
ext
rac
tio
n p
roc
edu
res
,
the
reb
y t
est
ing
the
maj
or
che
mic
al
fra
cti
ons
pre
sen
t.
Por
e w
ate
r a
nd
elu
tri
ate
s d
o n
ot
ade
qua
tel
y
rep
res
ent
all
pot
ent
ial
ly
bio
ava
ila
ble
che
mic
als
in
con
tam
ina
ted
sed
ime
nts
.
 
ASSESSMENT STRATEGY
Wit
hin
the
fra
mew
ork
of
the
sed
ime
nt
eva
lua
tio
n p
rot
oco
l
est
abl
ish
ed
by
the
Sed
ime
nt
Sub
com
mit
tee
,
inf
orm
ati
on
wil
l
be
gen
era
ted
at
sev
era
l
lev
els
tha
t w
ill
con
tri
but
e t
o t
he
ide
nti
fic
ati
on
of
pot
ent
ial
mut
age
nic
/ca
rci
nog
eni
c
imp
act
s o
f s
edi
men
t.
Che
mic
al
ana
lys
es
of
sur
fic
ial
sed
ime
nts
can
be
rev
iew
ed
for
the
pre
sen
ce
of
kno
wn
car
cin
oge
ns
usi
ng
exi
sti
ng
dat
aba
ses
(e.
g.
Gen
e-T
ox
car
cin
oge
n d
ata
bas
e,
Nes
now
et
al.
l98
7).
In
add
iti
on,
the
res
ult
s
of
tum
or
sur
vey
s
in
fis
h m
ay
ind
ica
te
the
pre
sen
ce
of
car
cin
oge
nic
con
tam
ina
nts
in
the
_ 5 _
 
 sediments.
 
For each site, decision—making should be based on field surveys as
well as on results generated by mutagenicity assays.
MUTAGENICITY ASSESSMENT
The following guidelines should be followed to standardize the assessment
process and to maximize inter-site comparisons.
1.
Of the in vitro tests available,
the Ames test should be used
first
to assess mutagenicity of a sediment.
a.
If this test is positive, then the sediment should be considered
genotoxic.
b.
If this test is negative,
then at least one additional in vitro
test
should
be
applied.
The
second in
vitro
test
should
be
a
chromosome aberration assay that uses mammalian cells,
e.g.
Chinese
hamster
ovary
cells
(Ashby
1986).
Use
of
a
second
in vitro test is recommended
since the Ames test is not
effective
at
detecting
all
genotoxins.
If
the
second in
vitro
test
is
positive,
then
the
sediment
should
be
considered
genotoxic.
If
the
second
in
vitro
test
is
negative,
then
the
sediment should not be considered genotoxic.
When
a
sediment
is determined
to
be
genotoxic,
a review
of
possible
routes
and
extent
of
human
exposure
should
be
investigated.
If
significant
human
exposure
appears
likely,
then
in
vivo
testing
is
recommended.
When
a
sediment
is
determined
not
to
be
genotoxic
using
the
recommended
testing
scheme,
no
conclusions
can
be
made
regarding
the
potential
nongenotoxic
carcinogenic hazard.
Additional
testing
should
be
considered
if
tumors
are
found
in
a
survey
of
feral
fish
in
the
area
or
if
analytical
chemistry
of
surficial
sediments
indicates
the
presence
of
significant
amounts
of
suspected
or
known
carcinogens.
When
possible,
the
initial
Ames
test
should
be
done
on
crude
extracts
of
the
sediment
as
indicated
in
conclusion
number
eight.
However,
toxicity
in
assays
of
crude
extract
may
preclude
the
successful
assessment
of
mutagenicity.
In
this
case,
fractionation
of
the
sediment
extract
may
be
required.
Existing
analytical
information
as
well
as
current
and
historical
input
data
should
be
used
in
the
design
of
the
fractionation
protocol.
Considerations
in
the
development
of
a
fractionation
scheme
include:
a.
extraction
by
a
graded
series
of
nonpolar
and
polar
solvents;
b.
adjusting
pH
to
promote
the
release
of
acidic
and
basic
organic
chemical
residues
and
metals;
c.
potential
alteration
of
the
form
of
chemical
contaminants
in
the
sample
due
to
extraction
solvents
and
methodology;
 d. compatibility of chemicals used in fractionation with the
biological assessment techniques.
A site—specific extraction and fractionation procedure should be
developed where needed. If the intent is to identify potential
genotoxic compounds, then fractionation will be necessary.
INTERLABORATORY CALIBRATION
Ther
e ar
e nu
mero
us
sour
ces
of v
aria
tion
in m
ost
labo
rato
ry i
nves
tiga
tion
s
inc
lud
ing
in
vit
ro
mut
age
nic
ity
ass
ays
.
Thi
s v
ari
ati
on
may
lead
to
sys
tem
ati
c
dif
fer
enc
es
bet
wee
n r
esu
lts
fro
m d
iff
ere
nt
lab
ora
tor
ies
or
wit
hin
the
sam
e
lab
ora
tor
y w
hen
tes
ts
are
per
for
med
at
dif
fer
ent
time
s.
It
is
imp
ort
ant
to
lim
it
this
var
iat
ion
whi
ch
may
ari
se
due
to
dif
fer
enc
es
in
sed
ime
nt
com
pos
iti
on
lab
ora
tor
ies
,
spe
cif
ic
tec
hni
que
s
and
oth
er
fac
tor
s.
Val
ida
tio
n
of
in
vit
ro
tes
ts
sho
uld
be
use
d w
hen
tes
ts
are
per
for
med
on
sed
ime
nt
ext
rac
ts.
The
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
sho
uld
org
ani
ze
a r
oun
d
rob
in
ass
ess
men
t o
f i
nte
rla
bor
ato
ry
and
int
ral
abo
rat
ory
var
iat
ion
to
sup
por
t
any
pro
gra
m f
or
in
vit
ro
sed
ime
nt
ass
ays
.
To
fac
ili
tat
e t
his
cal
ibr
ati
on
end
eav
or,
a
sta
nda
rdi
zed
sed
ime
nt
sho
uld
be
pro
vid
ed.
A
cle
ar
def
ini
tio
n
of
how
to
pre
par
e o
r o
bta
in
a s
tan
dar
diz
ed
S—9
act
iva
tio
n
fra
cti
on
nee
ds
to
be
inc
lud
ed
in
the
rou
nd
rob
in
tes
ts,
and
ult
ima
tel
y i
n t
he
ove
ral
l
app
lic
ati
on
of
in
vi
tr
o
te
st
s
re
qu
ir
in
g
mi
cr
os
om
e
ac
ti
va
ti
on
.
 
AMES PROTOCOL
Sev
era
l
exi
sti
ng
pro
toc
ols
for
the
Ame
s
tes
t
are
ava
ila
ble
for
mut
age
nic
ity
tes
tin
g
of
sin
gle
che
mic
als
.
The
se
can
be
ada
pte
d
for
sed
ime
nt
(c
om
pl
ex
mi
xt
ur
e)
te
st
in
g
(M
ar
on
and
Am
es
,
198
3;
Cl
ax
to
n
et
al.
198
7).
Gen
oto
xic
ity
tes
tin
g o
f c
omp
lex
mix
tur
es
fro
m m
atr
ice
s o
the
r t
han
sed
ime
nts
has
als
o
bee
n
don
e
(Le
wta
s
l98
8,
And
on
et
al.
198
6;
Aus
tin
et
al.
l98
5).
The
app
lic
ati
on
of
the
se
ass
ays
to
the
pro
ble
ms
of
scr
een
ing
sed
ime
nt
sam
ple
s f
or
mut
age
nic
ity
req
uir
es
the
con
sid
era
tio
n o
f m
any
fac
tor
s i
ncl
udi
ng
int
era
cti
ons
due
to
the
pre
sen
ce
of
mul
tip
le
che
mic
als
,
cos
t-e
ffe
cti
ven
ess
of
the
ass
ay
and
exp
ect
ed
use
of
the
ass
ay
res
ult
s.
To
ass
ist
in
the
dev
elo
pme
nt
of
and
use
of
the
Ame
s
tes
t
res
ult
s
for
the
pur
pos
e
of
sed
ime
nt
scr
een
ing
and
cla
ssi
fic
ati
on,
we
mak
e
the
fol
low
ing
rec
omm
end
ati
ons
.
Salmonella Strains
It
has
bee
n
dem
ons
tra
ted
tha
t
two
tes
ter
str
ain
s
(TA
98
and
TAl
OO)
are
cap
abl
e
of
det
ect
ing
the
maj
ori
ty
of
gen
oto
xic
car
cin
oge
ns
in
the
NTP
dat
a
bas
e.
The
ref
ore
,
rou
tin
e
scr
een
ing
of
sed
ime
nt
sam
ple
s
sho
uld
use
,
at
a
min
imu
m,
tes
ter
str
ain
s T
A98
and
TAl
OO.
In
spe
cif
ic
ins
tan
ces
, o
the
r
tes
ter
str
ain
s
sen
sit
ive
to
cer
tai
n
cla
sse
s
of
com
pou
nds
sho
uld
be
con
sid
ere
d
whe
n
the
se
che
mic
als
are
kno
wn
to
be
pre
sen
t
in
sed
ime
nt
sam
ple
s
(ba
sed
on
ava
ila
ble
kno
wle
dge
of
loc
al
ind
ust
rie
s,
res
idu
e a
nal
ysi
s,
etc
.).
Thu
s t
he
pro
bab
ili
ty
of
det
ect
ing
the
se
cla
sse
s
of
che
mic
als
can
be
max
imi
zed
.
Bec
aus
e
of
cos
t—b
ene
fit
con
sid
era
tio
ns,
we
do
not
rec
omm
end
the
rou
tin
e
use
of
str
ain
s
other than TA98 and TAlOO.
 Reproducibility
All
in
vit
ro
tes
ts
sho
uld
be
rep
eat
ed
and
exp
eri
men
tal
par
ame
ter
s
alt
ere
d
as
nec
ess
ary
to
max
imi
ze
the
pot
ent
ial
for
con
fir
min
g
a p
osi
tiv
e
or
neg
ati
ve
res
ult
.
Thr
ee
rep
lic
ate
pla
tes
sho
uld
be
sco
red
for
eac
h
dos
e
lev
el
of
the
tes
t
sam
ple
and
for
the
neg
ati
ve
and
pos
iti
ve
con
tro
ls.
Eac
h
tes
t
sam
ple
(fr
act
ion
)
sho
uld
be
tes
ted
in
the
abs
enc
e
and
pre
sen
ce
of
an
exo
gen
ous
met
abo
lic
act
iva
tio
n (
3—9
)
com
pon
ent
.
If
mul
tip
le
sam
ple
s
col
lec
ted
fro
m t
he
sam
e g
eog
rap
hic
loc
ati
ons
are
tes
ted
,
the
n r
epe
tit
ion
is
inh
ere
nt
in
the
ana
lys
is
of
mul
tip
le
sam
ple
s.
In
thi
s i
nst
anc
e,
rep
eat
ed
tes
tin
g o
f a
ll
sam
ple
s w
oul
d n
ot
be
cos
t—e
ffe
cti
ve.
How
eve
r,
pri
or
to
tes
tin
g t
he
mul
tip
le
sam
ple
s,
ran
ge
fin
din
g s
tud
ies
sho
uld
be
con
duc
ted
on
rep
res
ent
ati
ve
sam
ple
s
to
ens
ure
that
exp
eri
men
tal
con
dit
ion
s h
ave
been
opt
imi
zed
.
3
Exoqenous Metabolic Activation Components
All
sed
ime
nt
sam
ple
s s
hou
ld
be
tes
ted
bot
h w
ith
and
wit
hou
t A
roc
lor
1254
indu
ced
rat
live
r S-
9 fr
acti
ons.
The
3—9
prep
arat
ions
shou
ld
be s
tand
ardi
zed
and
the
use
of
mul
tip
le
S—9
con
cen
tra
tio
ns
is
rec
omm
end
ed.
Alt
hou
gh
alte
rnat
ive
sour
ces
of 8
—9 p
repa
rati
ons
(e.g
. f
ish)
may
impr
ove
the
corr
elat
ion
of i
n vi
tro
muta
gene
sis
resu
lts
with
the
obse
rvat
ions
of t
umor
inci
denc
e in
fish
surv
eys,
thei
r us
e wo
uld
be l
arge
ly
expe
rime
ntal
and
expo
sure
to s
edim
ent
asso
ciat
ed
chem
ical
s is
not
limi
ted
to f
ish
popu
lati
ons.
Controls
An evaluation of appropriate negative and positive control substances
should be performed in every test to serve as indicators of test performance.
In addition to the controls recommended for existing standard protocols (Maron
and Ames, 1983), we recommend using several additional. Potential controls
include a) tests to determine the positive or negative effects of solvent
extraction and fractionation schemes; and, b) tests to evaluate the
possibility that overt toxicity may maskthe expression of mutagenicity; (e g.
the incorporation of known mutagens into the sediment fractions).
Statistical Analysis
Several methods are available for the statistical analysis of Ames test
results (Margolin et al. 1981). In general, a two—fold increase in revertants
together with evidence of a dose-dependent response are sufficient to conclude
that the test sample exhibits mutagenic activity. The relative potencies of
sample activity (e.g. the ranking of the relative potencies of samples from
different sites) may require analysis by risk assessment models.
RESEARCH RECOMMENDATIONS
1. Storaqe of Sediment Samples: The storage of sediments or sediment :
extracts can change the chemical characteristics and measured biological
effects of the sample.
Investigations are needed to determine optimal storage practices for both
whole sediment and sediment extracts.
Sam
ple
Ext
rac
tio
n.
Con
cen
tra
tio
n a
nd
Fra
gti
ona
tig
n M
eth
ods
:
Var
iou
s
met
hod
s h
ave
bee
n u
sed
to
ext
rac
t,
con
cen
tra
te
and
fra
cti
ona
te
con
tam
ina
nts
fro
m s
edi
men
t s
amp
les
.
Mos
t o
f t
hes
e m
eth
ods
hav
e b
een
dev
elo
ped
to
opt
imi
ze
con
dit
ion
s f
or
sub
seq
uen
t c
hem
ica
l a
nal
yse
s.
Avai
labl
e ex
trac
tion
, co
ncen
trat
ion
and
frac
tion
atio
n me
tho
ds s
hou
ld b
e ev
alua
ted
to
ﬁnd optimal conditions for use in in vitro and in vivo assays.
Sam
ple
Com
pos
iti
ng:
Com
pos
iti
ng
of
sed
ime
nt
sam
ple
s m
ay
be
a u
sefu
l
str
ate
gy
for
sit
e s
urv
ey
inv
est
iga
tio
ns
bec
aus
e i
t m
ay
be
cos
t-e
ffe
cti
ve
to
con
duc
t e
xte
nsi
ve
che
mic
al
and
bio
log
ica
l t
est
ing
on
a l
imi
ted
num
ber
of
com
pos
ite
d s
amp
les
rep
res
ent
ing
an
area
.
Aft
er
com
pos
ite
sam
ple
eva
lua
tio
n,
less
ext
ens
ive
che
mic
al/
bio
log
ica
l t
est
ing
of
ind
ivi
dua
l
sam
ple
s m
igh
t b
e s
uff
ici
ent
to
cha
rac
ter
ize
the
ext
ent
of
sed
ime
nt
contamination.
Res
ear
ch
sho
uld
be d
one
to s
tud
y th
e c
hem
ica
l di
lut
ion
effe
cts
tha
t m
ay
res
ult
fro
m
sediment sample compositing.
Aivin li nF
The
meta
boli
c ac
tiva
tion
of c
arci
noge
ns b
y ﬁs
h n
eeds
to b
e in
vest
igat
ed f
urth
er.
This
wor
k co
uld
esta
blis
h li
nks
bet
wee
n ne
opla
stic
dise
ase
in f
eral
ﬁsh
and
sed
ime
nt
contaminants.
Nongenotoxic carcinogen Assays:
App
rop
ria
te a
genc
ies
in t
he U
nit
ed S
tate
s an
d Ca
nad
a sh
oul
d vi
goro
usly
pur
sue
the
dev
elo
pme
nt a
nd
vali
dati
on o
fin
vitr
o as
says
for
nong
enot
oxic
carc
inog
ens.
Fish Carcinogenesis Assay:
App
rop
ria
te a
genc
ies
in t
he U
nit
ed S
tate
s an
d Ca
nad
a sh
oul
d pu
rsu
e th
e de
vel
opm
ent
and
val
ida
tio
n o
fca
rci
nog
ene
sis
ass
ay
sys
tem
s u
sin
g sm
all
aqu
ari
um
ﬁsh
(e.g
.
Jap
ane
se m
eda
ka)
for
use
with
indi
vidu
al c
hem
ica
ls a
nd c
omp
lex
mixt
ures
(e.
.
con
tam
ina
ted
sedi
ment
s).
Suc
h a
syst
em s
hou
ld i
nclu
de b
ioch
emis
try
/me
tab
ogs
m a
nd
pharmacokinetics as well as cancer pathology.
Fis
h N
eop
las
tic
Dis
eas
e E
piz
ogt
igs
:
Har
shb
arg
er
and
Cla
rk
(l9
89)
rec
ent
ly
sum
mar
ize
d n
eop
las
m i
nci
den
ce
rep
ort
s,
and
fur
the
r w
ork
of
this
type is essential.
Repo
rts
ofep
izoot
ics a
nd n
eoiﬂ
asti
c dis
ease
s in
ﬁsh,
and
their
rela
tion
ship
to ch
emic
al
expo
sure
sho
uld
be e
valu
ate
thor
ough
ly u
sin
g ep
idem
iolo
gica
l st
udy
crit
eria
(e.g.
Sindermann 1979; Susser 1986).
Hil
dli
fe
Neo
nla
sti
c D
ise
ase
:
The
re
are
ver
y f
ew
rep
ort
s o
f n
eop
las
tic
dis
eas
e i
n w
ild
bir
ds
and
mam
mal
s t
hat
may
hav
e
bee
n ex
pos
ed
to
che
mic
al
carc
inog
ens
in t
he G
reat
Lake
s re
gion
or e
lsew
here
.
Thes
e ki
nds
of
repo
rts
are
pote
ntia
lly
impo
rtan
t in
link
ing
neop
last
ic d
isea
se
in f
ish
to
cancer risk in higher vertebrates.
  
 Au
to
ps
y
re
po
rt
s
at
wi
ld
li
fe
re
se
ar
ch
ce
nt
er
s
ne
ed
to
be
re
vi
ew
ed
an
d
po
pu
la
ti
on
s
of
an
im
al
s
fr
om
th
e
fi
el
d
th
at
ha
ve
a
hi
gh
pr
ob
ab
il
it
y
of
ex
po
su
re
(e
.g
.
ha
rb
or
ra
ts
)
ne
ed
to
be
sa
mp
le
d.
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nn
an
t,
R.N
.,
B.H
.
Ma
rg
oi
in
,
M.D
.
Sh
el
by
,
E.
Ze
ig
er
,
J.K
.
Ha
se
ma
n,
J.
Spa
idi
ng,
M.
Res
nic
k,
S.
Sta
sie
wic
z,
B.
And
ers
on
and
R.
Min
or.
198
7.
Pr
ed
ic
ti
on
of
ch
em
ic
ai
ca
rc
in
og
en
ic
it
y
in
ro
de
nt
s
fr
om
in
vi
tr
o
ge
ne
ti
c
~
to
xi
ci
ty
as
sa
ys
.
Sc
ie
nc
e
23
6:
93
3—
94
1.
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AS
SO
CI
AT
IO
N
OF
CA
RC
IN
OG
EN
S
IN
SE
DI
ME
NT
WI
TH
FI
SH
NE
OP
LA
SI
A
by
Paul C. Baumann
U.S. Fish and Wildlife Service
Ep
iz
oo
ti
cs
of
li
ve
r
ne
op
la
sm
s
ha
ve
be
en
re
po
rt
ed
in
be
nt
hi
c
fe
ed
in
g
fi
sh
es
fr
om
a
va
ri
et
y
of
ma
ri
ne
an
d
fr
es
hw
at
er
lo
ca
ti
on
s.
Mo
st
of
th
es
e
lo
ca
ti
on
s
ha
ve
se
di
me
nt
s
co
nt
am
in
at
ed
by
in
du
st
ri
al
po
ll
ut
an
ts
.
Ma
ny
,
su
ch
as
th
e
Bl
ac
k
an
d
Cu
ya
ho
ga
Ri
ve
rs
,
Oh
io
,
th
e
Bu
ff
al
o
Ri
ve
r,
Ne
w
Yo
rk
;
an
d
nu
me
ro
us
lo
ca
ti
on
s
in
Pu
ge
t
So
un
d,
ar
e
ch
ar
ac
te
ri
ze
d
by
el
ev
at
ed
le
ve
ls
of
Po
ly
nu
cl
ea
r
Ar
om
at
ic
Hy
dr
oc
ar
bo
ns
(P
AH
s)
.
Li
ve
r
ca
nc
er
oc
cu
rr
ed
in
20
%
to
40
%
of
ma
tu
re
br
ow
n
bu
ll
he
ad
fr
om
th
e
Bl
ac
k
an
d
Cu
ya
ho
ga
ri
ve
rs
in
th
e
ea
rl
y
to
mi
d
l9
80
5.
PA
H
se
di
me
nt
le
ve
ls
in
th
es
e
ri
ve
rs
wa
s
in
th
e
pa
rt
—p
er
—m
il
li
on
to
te
ns
of
pa
rt
s—
pe
r—
mi
ll
io
n
(p
pm
)
ra
ng
e
fo
r
in
di
vi
du
al
co
mp
ou
nd
s
in
cl
ud
in
g
ca
rc
in
og
en
s
su
ch
as
be
nz
o(
a)
py
re
ne
(B
(a
)P
).
Si
x
lo
ca
ti
on
s
ha
vi
ng
hi
gh
fr
eq
ue
nc
ie
s
of
li
ve
r
ne
op
la
si
a
in
fi
sh
(t
hr
ee
lo
ca
ti
on
s
in
Pu
ge
t
So
un
d a
nd
th
re
e
La
ke
Er
ie
tr
ib
ut
ar
ie
s)
ha
d
a
ra
ng
e
of
PA
H
co
nc
en
tr
at
io
ns
on
e
hu
nd
re
d
ti
me
s
hi
gh
er
th
an
di
d
th
re
e
fr
es
hw
at
er
an
d
tw
o
ma
ri
ne
re
fe
re
nc
e
lo
ca
ti
on
s.
Th
er
ef
or
e,
in
ge
ne
ra
l,
ep
iz
oo
ti
cs
of
li
ve
r
tu
mo
rs
in
wi
ld
po
pu
la
ti
on
s
of
fi
sh
ha
ve
be
en
as
so
ci
at
ed
wi
th
hi
gh
co
nc
en
tr
at
io
ns
of
PA
Hs
in
se
di
me
nt
.
Ch
lo
ri
na
te
d
co
mp
ou
nd
s,
ho
we
ve
r,
in
cl
ud
in
g
di
ox
in
s
an
d
di
be
nz
of
ur
an
s,
we
re
hi
gh
es
t
in
th
e
Fo
x
Ri
ve
r,
Wi
sc
on
si
n,
wh
er
e
br
ow
n
bu
ll
he
ad
s
we
re
fo
un
d
no
t
to
ha
ve
li
ve
r
tumors.
Al
th
ou
gh
PA
H
co
nc
en
tr
at
io
ns
in
se
di
me
nt
an
d
tu
mo
r
ep
iz
oo
ti
cs
in
fi
sh
se
em
to
be
po
si
ti
ve
ly
co
rr
el
at
ed
in
ge
ne
ra
l,
th
e
us
e
of
PA
H
se
di
me
nt
va
lu
es
to
pr
ed
ic
t
tu
mo
r
fr
eq
ue
nc
ie
s
in
be
nt
hi
c
fi
sh
es
is
no
t
cu
rr
en
tl
y
fe
as
ib
le
.
Th
is
ha
s
be
en
de
mo
ns
tr
at
ed
fo
r
Pu
ge
t
So
un
d,
wh
er
e
tu
mo
r
fr
eq
ue
nc
ie
s
in
En
gl
is
h
so
le
,
bi
le
me
ta
bo
li
te
s
fl
uo
re
sc
in
g
at
B(
a)
P
wa
ve
le
ng
th
s,
an
d
se
di
me
nt
PA
H
co
nc
en
tr
at
io
ns
we
re
al
l
de
te
rm
in
ed
fo
r
a
va
ri
et
y
of
lo
ca
ti
on
s.
Al
th
ou
gh
me
ta
bo
li
te
le
ve
ls
an
d
tu
mo
r
fr
eq
ue
nc
ie
s
we
re
we
ll
co
rr
el
at
ed
,
th
e
sa
me
co
ul
d
no
t
be
sa
id
of
PA
H
se
di
me
nt
va
lu
es
.
Th
is
la
ck
of
co
rr
el
at
io
n
be
tw
ee
n
se
di
me
nt
PA
H
le
ve
ls
an
d
bi
le
me
ta
bo
li
te
co
nc
en
tr
at
io
ns
po
in
ts
up
th
e
du
al
pr
ob
le
ms
of
pa
tc
hy
en
vi
ro
nm
en
ta
l
di
st
ri
bu
ti
on
of
th
e
pa
re
nt
co
mp
ou
nd
s
(c
au
si
ng
sa
mp
li
ng
pr
ob
le
ms
)
an
d
th
e
mo
bi
li
ty
of
fi
sh
.
In
El
li
ot
Ba
y,
Pu
ge
t
So
un
d,
fo
r
in
st
an
ce
,
bo
th
fl
uo
ra
nt
he
ne
an
d
B(
a)
P
co
nc
en
tr
at
io
ns
in
se
di
me
nt
ma
y
va
ry
by
tw
o
to
th
re
e
or
de
rs
of
ma
gn
it
ud
e
am
on
g
lo
ca
ti
on
s.
An
ad
di
ti
on
al
pr
ob
le
m
in
co
mp
ar
in
g
lo
ca
ti
on
s
is
th
at
th
e
co
mp
os
it
io
n
of
th
e
PA
H
mi
xt
ur
e
ma
y
va
ry
gr
ea
tl
y.
Ev
en
wi
th
in
th
e
Bu
ff
al
o
Ri
ve
r,
Ne
w
Yo
rk
,
fo
r
ex
am
pl
e,
th
e
hi
gh
es
t
co
nc
en
tr
at
io
ns
of
fl
uo
ra
nt
he
ne
an
d
of
B(
a)
P
oc
cu
r
at
di
ff
er
en
t
sa
mp
li
ng
si
te
s,
an
d
th
ei
r
di
st
ri
bu
ti
on
pa
tt
er
ns
wi
th
in
th
e
ri
ve
r
ar
e
di
ff
er
en
t.
Su
ch
di
ff
er
en
ce
s
in
th
e
re
la
ti
ve
ab
un
da
nc
e
of
sp
ec
if
ic
co
mp
ou
nd
s
wi
th
in
a
mi
xt
ur
e
of
PA
Hs
is
us
ua
ll
y
ex
ag
ge
ra
te
d
wh
en
co
mp
ar
in
g
di
ff
er
en
t
sy
st
em
s
ha
vi
ng
di
ff
er
en
t
ty
pe
s
of
po
in
t
so
ur
ce
s.
Th
e
ca
rc
in
og
en
ic
it
y
of
su
ch
mi
xt
ur
es
ca
nn
ot
be
es
ti
ma
te
d
wi
th
cu
rr
en
t
kn
ow
le
dg
e.
Ho
we
ve
r,
it
is
no
t
si
mp
ly
th
e
ad
di
ti
ve
va
lu
e
of
th
e
in
di
vi
du
al
ca
rc
in
og
en
s
pr
es
en
t.
Dr
.
Jo
hn
J.
Bl
ac
k
in
ex
pe
ri
me
nt
s
wi
th
Sw
is
s
mi
ce
pr
ov
ed
th
at
an
ex
tr
ac
t
fr
om
th
e
Bl
ac
k
Ri
ve
r,
Oh
io
wa
s
mo
re
ca
rc
in
og
en
ic
th
an
a
po
si
ti
ve
co
nt
ro
l
of
pu
re
B(
a)
P,
ev
en
th
ou
gh
th
e
ad
di
ti
ve
co
nc
en
tr
at
io
ns
of
ca
rc
in
og
en
s
in
th
e
ex
tr
ac
t
we
re
mu
ch
le
ss
th
an
th
e
B(
a)
P
do
sa
ge
us
ed
fo
r
th
e
co
nt
ro
l.
Th
us
,
th
e
ca
rc
in
og
en
ic
it
y
of
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 the
Bl
ac
k
Ri
ve
r
ex
tr
ac
t
was
due
to
tr
an
sp
or
t
ef
fe
ct
,
pr
om
ot
io
na
i
ef
fe
ct
s,
sy
ne
rg
is
ti
c
ef
fe
ct
s,
or
a
co
mb
in
at
io
n
of
the
se.
Th
er
ef
or
e,
unt
il
mo
re
ex
pe
ri
me
nt
ai
in
fo
rm
at
io
n
is
ob
ta
in
ed
on
the
in
te
ra
ct
io
n
of
PAH
s
wi
th
in
a
mi
xt
ur
e
in
bi
oi
og
ic
ai
sys
te
ms
,
a
gen
era
i
co
rr
ei
at
io
n
be
tw
ee
n
hi
gh
PAH
in
se
di
me
nt
and
el
ev
at
ed
tu
mo
r
fr
eq
ue
nc
ie
s
in
be
nt
hi
c
fi
sh
es
is
aii
th
at
can
be
expected.
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COL
LEC
TIO
N,
EXT
RAC
TIO
N
AND
ANA
LYS
IS
OF
SED
IME
NT
AND
POR
E
WAT
ER
SAM
PLE
S:
SIG
NIF
ICA
NCE
TO
SED
IME
NT
TOX
ICI
TY
TES
TIN
G
by
Michael E. Fox
Environment Canada
Canada Centre for Inland Waters
A
lar
ge
bod
y
of
pub
lis
hed
dat
a
on
org
ani
c
con
tam
ina
nts
in
sur
fic
ial
se
di
me
nt
s
is
av
ai
la
bl
e.
Th
e
mo
st
wi
de
ly
use
d
co
ll
ec
ti
on
,
st
or
ag
e
and
an
al
yt
ic
al
pr
oc
ed
ur
es
ar
e
di
sc
us
se
d
and
th
ei
r
si
gn
if
ic
an
ce
to
to
xi
ci
ty
te
st
in
g
considered.
SAMPLE COLLECTION
Ty
pi
ca
ll
y,
a
gr
ab
sa
mp
le
up
to
l0
cm
de
ep
is
us
ed
.
Th
is
is
no
t
a
ve
ry
re
al
is
ti
c
in
te
rf
ac
e
sa
mp
le
.
Th
e
to
p
se
ct
io
n
of
a
“B
en
th
os
”
ty
pe
se
di
me
nt
co
re
is better.
PRESTORAGE TREATMENT
In
er
t
de
br
is
su
ch
as
st
on
es
an
d
sh
el
ls
sh
ou
ld
be
re
mo
ve
d.
Ma
cr
ob
en
th
os
su
ch
as
am
ph
ip
od
s
sh
ou
ld
al
so
be
re
mo
ve
d.
STORAGE
Se
di
me
nt
sa
mp
le
s
ar
e
fr
eq
ue
nt
ly
fr
ee
ze
dr
ie
d.
So
me
lo
ss
of
vo
la
ti
le
co
mp
on
en
ts
ma
y
oc
cu
r.
Sa
mp
le
s
sh
ou
ld
be
im
me
di
at
el
y
fr
oz
en
an
d
st
or
ed
fr
oz
en
pr
io
r
to
a
we
t
ex
tr
ac
ti
on
te
ch
ni
qu
e
to
av
oi
d
vo
la
ti
le
lo
ss
es
.
EXTRACTION METHODS
So
xh
le
t
ex
tr
ac
ti
on
an
d
so
ni
ca
ti
on
ar
e
mo
st
of
te
n
re
po
rt
ed
.
So
xh
le
t
ex
tr
ac
ti
on
fo
r
up
to
24
ho
ur
s
is
fa
vo
ur
ed
by
a
ma
jo
ri
ty
of
la
bo
ra
to
ri
es
.
EXTRACTION SOLVENTS
Si
ng
le
so
lv
en
ts
su
ch
as
ac
et
on
it
ri
le
or
di
ch
lo
ro
me
th
an
e
ar
e
re
po
rt
ed
.
Mo
re
us
er
s
fa
vo
ur
po
la
r/
no
np
ol
ar
so
lv
en
t
mi
xt
ur
es
su
ch
as
ac
et
on
e/
he
xa
ne
.
Th
is
ma
y
be
fo
ll
ow
ed
wi
th
a
se
co
nd
ex
tr
ac
ti
on
wi
th
a
ve
ry
po
la
r
so
lv
en
t
su
ch
as
me
th
an
ol
.
Th
e
ra
ng
e
of
co
mp
ou
nd
s
ex
tr
ac
te
d
is
ma
de
mo
re
co
mp
le
te
by
pe
rf
or
mi
ng
ex
tr
ac
ti
on
s
at
bo
th
hi
gh
(l
l)
an
d
lo
w
(2
)
pH
va
lu
es
.
CLEANUP AND FRACTIONATION
Li
pi
ds
an
d
hi
gh
mo
le
cu
la
r
we
ig
ht
ma
te
ri
al
of
pl
an
t
an
d
an
im
al
or
ig
in
ma
y
be
re
mo
ve
d
by
ge
l
pe
rm
ea
ti
on
ch
ro
ma
to
gr
ap
hy
.
Th
e
co
nc
en
tr
at
ed
ex
tr
ac
ts
ar
e
el
ut
ed
th
ro
ug
h
si
li
ca
ge
l
or
Fl
or
is
il
co
lu
mn
s
wi
th
so
lv
en
t
mi
xt
ur
es
of
in
cr
ea
si
ng
po
la
ri
ty
.
Ty
pi
ca
l
el
ua
nt
s
ar
e
he
xa
ne
fo
ll
ow
ed
by
20
%
di
ch
lo
ro
me
th
an
e
in
he
xa
ne
an
d
fi
na
ll
y
di
ch
lo
ro
me
th
an
e.
Th
e
in
di
vi
du
al
fr
ac
ti
on
s
ma
y
th
en
be
te
st
ed
fo
r
mu
ta
ge
ni
c
po
te
nt
ia
l.
An
ex
tr
ac
ti
on
an
d
cl
ea
nu
p
pr
oc
ed
ur
e
yi
el
di
ng
up
to
ei
gh
t
di
st
in
ct
fr
ac
ti
on
s
im
pr
ov
es
th
e
ch
an
ce
s
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S
  
o f
r e l
a t i
n g
m u t
a g e
n i c
r e s
p o n
s e
t o
s p e
c i f
i c
c o m
p o u
n d s
a n d
r e d
u c e
s t
h e
m a s
k i n
g
o f
m u t
a g e
n i c
r e s
p o n
s e
o f
o n e
c o m
p o u
n d
b y
t h e
a c u
t e
t o x
i c i
t y
o f
o t h
e r s
.
A N A L Y S I S O F E X T R A C T F R A C T I O N S
T h e
n o n
p o l
a r
a n d
s l i
g h t
l y
p o l
a r
f r a
c t i
o n s
a r e
u s u
a l l
y a
n a l
y z e
d b
y
c a p
i l l
a r y
g a s
c h r
o m a
t o g
r a p
h y
w i t
h a
v a r
i e t
y o
f d
e t e
c t o
r s .
T h e
m a s
s
s p e
c t r
o m e
t r y
d e t
e c t
o r
( G C —
M S )
o p e
r a t
e d
i n
t h e
e l e
c t r
o n
i m p
a c t
m o d
e y
i e l
d s
u s e f
u l s
t r u
c t u
r a l
i n f
o r m
a t i
o n o
n u
n k n
o w n
c o m
p o u
n d s
. T
h e e
l e c
t r o
n c a
p t u
r e
d e t
e c t
o r (
G C — E
C ) a
n d t
h e m
a s s
s p e
c t r
o m e
t e r o
p e r
a t e
d i n
t h e
n e g
a t i
v e c
h e m
i c a
l
i o n
i z a
t i o
n
m o d
e ( G C
— M S
- N C
I )
g i v
e a m o r
e s e n
s i t
i v e
r e s
p o n
s e
t o e l e
c t r
o p h
i l e
s
( m o s
t
c a r
c i n
o g e
n s )
b u t l i t
t l e o r n o s t r
u c t
u r a
l
i n f
o r m
a t i
o n
a n d a r e b e s
t s u i
t e d
f o r c o n
f i r
m i n
g
t h e p r e
s e n
c e
o f s p e
c i f
i c
c o m
p o u
n d s
.
T h e p o l
a r f r a
c t i
o n s
m a y b e
a n a
l y z
e d
b y h i g
h p e r
f o r
m a n
c e
l i q
u i d c h r
o m a
t o g
r a p
h y
( H P
L C ) u s i
n g u l t
r a —
v i o
l e t
o r f l u
o r e
s c e
n c e
d e t
e c t
o r s
.
P O R E W A T E R
V e r y l i t t l e p u b l i s h e d d a t a o n o r g a n i c c o n t a m i n a n t s i n p o r e w a t e r e x i s t .
T h i s i s l a r g e l y d u e t o t h e d i f f i c u l t y o f a n a l y z i n g t h e t y p i c a l l y s m a l l s a m p l e s
f r o m t h e r e c o v e r y m e t h o d s a v a i l a b l e . M e t h o d s f o r c o l l e c t i n g p o r e w a t e r
i n c l u d e c e n t r i f u g a t i o n , c o m p r e s s i o n , o s m o t i c d i f f u s i o n a n d
s u c t i o n / f i l t r a t i o n . A l l y i e l d v e r y s m a l l ( < l 0 m L ) v o l u m e s a n d s o m e m a y
r u p t u r e l i v i n g c e l l w a l l s a n d c o n t a m i n a t e t h e s a m p l e . C o l l o i d a l o r g a n i c
c a r b o n i n t h e p o r e w a t e r i s a l s o b e l i e v e d t o r e d u c e t h e b i o a v a i l a b i l i t y o f
" d i s s o l v e d " c o m p o u n d s . H y p o t h e t i c a l a n i m a l — w a t e r e q u i l i b r i u m r e l a t i o n s h i p s
f o r o l i g o c h a e t e s a n d a m p h i p o d s ( B i e r m a n l 9 8 7 ) s u g g e s t t h a t t h e t r u e a q u e o u s
c o n c e n t r a t i o n s i n t h e i n t e r s t i t i a l w a t e r a r e n o t s u b s t a n t i a l l y d i f f e r e n t t h a n
a q u e o u s c o n c e n t r a t i o n s i n t h e w a t e r c o l u m n . C o n n o r ( l 9 8 4 ) h a s p r o d u c e d a n
e x p r e s s i o n f o r a n i m a l s e d i m e n t c o n c e n t r a t i o n r a t i o s w h i c h c o n t a i n n o w a t e r
t e r m . T h u s , t h e r e q u i r e m e n t f o r p o r e w a t e r c o n c e n t r a t i o n s c a n b e a v o i d e d .
R E F E R E N E S
B i e r m a n J r . , V . J . T 9 8 7 . P r o c . W o r k s h o p o n A q u a t i c F o o d C h a i n M o d e l l i n g .
S e n e c a C o l l e g e , K i n g C i t y , O n t a r i o .
C o n n o r , M . S . l 9 8 4 . F i s h / S e d i m e n t C o n c e n t r a t i o n R a t i o s f o r O r g a n i c C o m p o u n d s
E n v i r o n . S c i . T e c h n o l . 1 9 ( 2 ) . l 9 9 .
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 P R
O D
U C
T I
O N
O F
T U
M O
R S
I N
F I S
H
F O
L L
O W
I N
G
L A
B O
R A
T O
R Y
E X
P O
S U
R E
S
T O C A
R C
I N
O G
E N
S
b y
‘
D a v i d E . H i n t o n , P h . D .
S c h o o l o f V e t e r i n a r y M e d i c i n e
U n i v e r s i t y o f C a l i f o r n i a — D a v i s
A
v a
r i
e t
y
o f
c o
m p
o u
n d
s
h a
v e
b e
e n
t e
s t
e d
i n
f i
s h
s p
e c
i e
s
a n
d
p r
o v
e n
t o
c a
u s
e
d e
v e
l o
p m
e n
t
o f
n e
o p
l a
s i
a
i n
a
v a
r i
e t
y
o f
o r
g a
n s
/ t
i s
s u
e s
.
W o
r k
b e
g u
n
i n
t h
e
l a
t e
1 9
5 0
5
i n
r e
l a
t i
o n
t o
a n
o u
t b
r e
a k
o f
h e
p a
t o
m a
s
i n
t r
o u
t
f e
d
d i
e t
s t
o r
e d
u n
d e
r
l e
s s
t h
a n
o p
t i
m a
l
c o
n d
i t
i o
n s
( H
a l
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1 9
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e d
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u m
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b l
e
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p r
e s
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r t
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l
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s t
i n
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o f
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m p
o u
n d
s
p r
o v
e n
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r c
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o g
e n
i c
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a y
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C o
m p
o u
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s
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c l
u d
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a r
o m
a t
i c
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i n
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a z
o
c o
m p
o u
n d
s ,
h a
l o
g e
n a
t e
d
o r
g a
n i
c
c o
m p
o u
n d
s ,
m y
c o
t o
x i
n s
,
n -
n i
t r
o s
o
c o
m p
o u
n d
s ,
p l
a n
t
d e
r i
v a
t i
v e
s ,
p o
l y
n u
c l
e a
r
a r
o m
a t
i c
c o
m p
o u
n d
s
a n
d
v a
r i
o u
s
m i
s c
e l
l a
n e
o u
s
c o
m p
o u
n d
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B o
t h
f r
e s
h w
a t
e r
a n
d
m a
r i
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/ e
s t
u a
r i
n e
s p
e c
i e
s
h a
v e
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o w
n
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o m
i s
e
f o
r
i n
v i
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c a
r c
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o g
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s t
i n
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p a
r t
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l
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s t
i n
g
o f
t h
e s
e
s p
e c
i e
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v e
n
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b l
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F r
e s
h w
a t
e r
i n
d i
g e
n o
u s
s p
e c
i e
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c l
u d
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r a
i n
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t r
o u
t
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o r
h y
n c
h u
s
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o w
n
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l l
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i s
h
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c t
a l
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n e
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l o
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o e
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s
s p
e c
i e
s )
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o u
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s p
e c
i f
i c
a l
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t h
e
M t
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i n
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o v
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r c
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i c
k s
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o v
e r
e t
a l
.
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o w
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l l
h e
a d
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t f
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e l
d
s t
u d
i e
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h a
v e
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o v
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s c
e p
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b l
e
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e c
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e d
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n t
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p m
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t o
t h
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a c
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e c
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t
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t h
e
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v e
r e
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e
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i c
a t
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n ,
a n
d
o n
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o f
t h
e s
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n d
i d
a t
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r
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n t
i n
u e
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d e
l
s p
e c
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O t
h e
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e x
o t
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s p
e c
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y
( P
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l i
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r e
t i
c u
l a
t a
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t h
e
p l
a t
y f
i s
h
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b r
i d
s
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i p
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p h
o r
u s
s p
e c
i e
s )
h a
v e
i m
p o
r t
a n
t
r o
l e
s
i n
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s h
c a
r c
i n
o g
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e s
i s
s t
u d
i e
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n e
r a
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w e
r
s p
e c
i e
s
o f
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r i
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s t
u a
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s h
e s
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v e
b e
e n
u s
e d
i n
t r
i a
l
e x
p o
s u
r e
s .
T h
e
s h
e e
p h
e a
d
m i
n n
o w
( C
v n
r i
n o
d o
n
v a
r i
e g
a t
u s
)
i s
s e
n s
i t
i v
e
t o
t h
e
t u
m o
r
c a
u s
i n
g
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t e
n t
i a
l
o f
d i
e t
h y
l n
i t
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s a
m i
n e
.
T h
e
l e
s i
o n
s
i n
l i
v e
r
h a
v e
b e
e n
c o
m p
a r
e d
w i
t h
t h
o s
e
s e
e n
i n
s i
m i
l a
r l
y -
e x
p o
s e
d
r o
d e
n t
s p
e c
i e
s
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o u
c h
a n
d
C o
u r
t n
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,
1 9
8 7
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T h
e
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u l
y
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r m
a p
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o d
i t
i c
s p
e c
i e
s ,
r i
v u
l u
s
( R
i v
u l
u s
m a
r m
o r
a t
u s
) ,
a
n a
t i
v e
o f
C a
r i
b b
e a
n
t i
d a
l
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o l
s ,
i s
s e
n s
i t
i v
e
t o
d i
e t
h y
l n
i t
r o
s a
m i
n e
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O f
f s
p r
i n
g
f r
o m
a
s i
n g
l e
p a
r e
n t
m a
y
b e
u s
e d
t o
e l
i m
i n
a t
e
p o
t e
n t
i a
l l
y
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n f
o u
n d
i n
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n e
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c
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r i
a b
i l
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a t
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e c
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1
T w
o
f l
a t
f i
s h
s p
e c
i e
s ,
w i
n t
e r
f l
o u
n d
e r
( P
s e
u d
o p
l e
u r
o n
e c
t e
s a
m e
r i
c a
n u
s )
a n
d
E n
g l
i s
h
s o
l e
( P
a r
o p
h r
y s
v e
t u
l u
s )
,
d e
v e
l o
p
t u
m o
r s
i n
t h
e
w i
l d
.
H o
w e
v e
r ,
t h
e
e f
f e
c t
i v
e
u s
e
o f
t h
e s
e
a s
l a
b o
r a
t o
r y
a n
i m
a l
m o
d e
l s
h a
s
y e
t
t o
b e
r e
a l
i z
e d
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 T A B L E 1
C O M P O U N D S P R O V E N P O S I T I V E I N F I S H C A R C I N O G E N E S I S B I O A S S A Y
 
A r o m a t i c A m i n e s
A c e t y i a m i n o f i u o r e n e
A z o C o m p o u n d s
o - A m i n o a z o t o i u e n e
4 — D i m e t h y 1 a m i n o a z o b e n z e n e
H a i o g e n a t e d O r g a n i c C o m p o u n d s
C a r b o n T e t r a c h i o r i d e
D i c h i o r o d i p h e n y i t r i c h i o r o e t h a n e
M i x t u r e s o f C h l o r i n e R e s i d u a l s
M y c o t o x i n s
A f i a t o x i n
8 1
A f i a t o x i c o i
6 1
M 1
0 1
V e r s i c o i o r i n A
S t e r i g m a t o c y s t i n
N - N i t r o s o C o m p o u n d s
N - N i t r o s o d i e t h y i a m i n e
N — N i t r o s o d i m e t h y i a m i n e
N — N ' D i n i t r o s o p i p e r a z i n e
N i t r o s o m o r p h o i i n e
N - M e t h y l — N - N i t r o s o U r e a
N - E t h y l — N - N i t r o s o U r e a
N - M e t h y i — N — N i t r o — N — N i t r o s o G u a n i d i n e
P i a n t D e r i v a t i v e s
C y c l o p r o p e n o i d F a t t y A c i d s
C y c a s i n
M e t h y i A z o x y m e t h a n o i A c e t a t e
P o i y n u c i e a r A r o m a t i c C o m p o u n d s
B e n z o - a — P y r e n e
7 , 1 2 D i m e t h y i b e n z ( a ) a n t h r a c e n e
3 - M e t h y 1 c h o i a n t h r e n e
M i s c e i i a n e o u s C o m p o u n d s
N i f u r p i r i n o i
T h i o u r e a
U r e t h a n e
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 T A B L E 2
P R O M I S I N G F I S H S P E C I E S F O R C A R C I N O G E N E S I S T E S T I N G
 
F R E S H W A T E R
I n d i g e n o u s
R a i n b o w T r o u t ( O n c o r h y n c h u s m y k i s s )
B r o w n B u T l h e a d C a t f i s h ( I c t a T u r u s n e b u ] o s u s )
T o p m i n n o w s ( P o e c i T i o p s i s g p p )
E x o t i c ( L a b o r a t o r y )
G u p p y ( P o e c i T i a e r e t i c u T a t a )
P T a t y f i s h H y b r i d s ( X i p h o p h o r u s s p e c i e s )
J a p a n e s e M e d a k a ( O r y z i a s l a t i p e s )
M A R I N E / E S T U A R I N E
R i v u T u s ( R i v u l u s m a r m o r a t u s )
S h e e p s h e a d M i n n o w ( C y p r i n o d o n v a r i e q a t u s )
W i n t e r F l o u n d e r ( P s e u d o p l e u r o n e c t e s a m e r i c a n u s )
E n g 1 1 5 h S o l e ( P a r o p h r y s v e t u 1 u s )
 
— 2 1 — '
 F r o
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r i g
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l
r e s
t r i
c t i
o n
t o
a d u
l t s
i n
b a t
h e
x p o
s u r
e s ,
c a r
c i n
o g e
n b
i o a
s s a
y
n o w
e m p
l o y
s
a v
a r i
e t y
o f
l i f
e
s t a
g e s
a n d
e x p
o s u
r e
r o u
t e s
,
l i s
t e d
i n
T a b
l e
3 .
E m b
r y o
f i s
h a
r e
e x p
o s e
d b
y d
i r e
c t
m i c
r o i
n j e
c t i
o n
o f
t e s
t c
o m p
o u n
d
i n t
o t
h e
y o l
k s
a c
o r
p e r
i v i
t e l
l i n
e s p
a c e
.
A l t
e r n
a t i
v e l
y ,
s w o
l l e
n e
g g s
a r e
e x p
o s e
d
u s i
n g
d i r
e c t
t o p
i c a
l
a p p
l i c
a t i
o n
o f
t e s
t
c o m
p o u
n d
i n
c a r
r i e
r
v e h
i c l
e .
H a t
c h l
i n g
s a
r e
a l s
o e
x p o
s e d
v i a
m i c
r o i
n j e
c t i
o n
( s a
c f
r y —
t r o
u t )
o r
v i a
b a t
h
e x p
o s u
r e
o f
h i g
h c
o n c
e n t
r a t
i o n
a n d
s h o
r t
d u r
a t i
o n .
W h e
n a
d u l
t s
a r e
u s e
d ,
d i e
t a r
y , b
a t h
, i
n j e
c t i
o n o
r s
k i n
p a i
n t i
n g a
r e
r o u
t e s
o f
e x p
o s u
r e .
O n e
i n h
e r e
n t
a d v
a n t
a g e
a s s
o c i
a t e
d w
i t h
s m a l
l f
i s h
s p e
c i e
s i
n c
a r c
i n o
g e n
t e s
t i n
g i s
t h e
b r i
e f
t i m e
r e q
u i r
e d f
o r
t u m
o r
p r o
d u c
t i o
n .
D e p
e n d
i n g
u p o
n t
h e
a g e ,
s p e
c i e
s o f
f i s
h a n
d t h
e c o
m p o
u n d
u s e d
, l a
t e n
c y p
e r i
o d s
o f f
r o m
8 t o
4 0
w e e
k s h a v e b e e
n r e p
o r t
e d .
J a p
a n e
s e
m e d
a k a h a v
e v e r
y s h o
r t d u r
a t i
o n s
b e t
w e e
n
e x p
o s u
r e
a n d e n d
p o i
n t .
I f t u m o r s f r o m f e r a l f i s h a n d l a b o r a t o r y f i s h a r e c o n s i d e r e d t o g e t h e r ,
t u m o r s h a v e b e e n r e p o r t e d i n e a c h o r g a n o f f i s h . H o w e v e r , l a b o r a t o r y t r i a l s
p r i m a r i l y c a u s e t u m o r s o f t h e l i v e r . K i d n e y , i n t e s t i n e , s k i n , s w i m b l a d d e r ,
e y e a n d p a n c r e a s a r e o t h e r t a r g e t o r g a n s ( T a b l e 4 ) .
B a s e d o n b r i e f l a t e n c y p e r i o d s , s e n s i t i v i t y , c o s t a n d r e d u c e d s p a c e
l i m i t a t i o n s , t h e u s e o f s m a l l a q u a r i u m s p e c i e s a n d e a r l y l i f e s t a g e s o f l a r g e r
f i s h i s r e c o m m e n d e d i n t e s t i n g s e d i m e n t a n d t h e i r e x t r a c t s f o r c a n c e r - c a u s i n g
p o t e n t i a l .
R E F E R E N § E §
H a l v e r , J . E . a n d I . A . M i t c h e l l ( e d s ) . l 9 6 7 . T r o u t h e p a t o m a r e s e a r c h
c o n f e r e n c e p a p e r s . R e p o r t # 7 0 . U . S . F i s h a n d W i l d l i f e S e r v i c e ,
W a s h i n g t o n , p p . l 8 — 2 8 .
H o o v e r , K . 1 9 8 4 . U s e o f S m a l l F i s h S p e c i e s i n C a r c i n o g e n i c i t y T e s t i n g .
N a t i o n a l C a n c e r I n s t i t u t e M o n o g r a p h 6 5 . N I H P u b l i c a t i o n N o . 8 4 — 2 6 5 3 .
B e t h e s d a , M a r y l a n d .
H e n d r i c k s , 3 . 0 . 1 9 8 2 . C h e m i c a l C a r c i n o g e n e s i s i n F i s h . I n : A q u a t i c
T o x i c o l o g y , V o l . l . L . J . W e b e r , e d . R a v e n P r e s s , N e w Y o r k , p p . l 4 9 — 2 l l .
C o u r t n e y , L . a n d J . A . C o u c h . l 9 8 7 . N — n i t r o s o — d i e t h y l a m i n e — i n d u c e d
h e p a t o c a r c i n o g e n e s i s i n e s t u a r i n e s h e e p s h e a d m i n n o w ( C y p r i n o d o n
v a r i e g a t u s ) : N e o p l a s m s a n d r e l a t e d l e s i o n s c o m p a r e d w i t h m a m m a l i a n
l e s i o n s . J N C I 7 9 ( 2 ) 2 9 7 — 3 2 l .
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 T A B L E 3
M E T H O D S O F E X P O S U R E B Y L I F E S T A G E
 
E M B R Y O
B a t h U s i n g S h o r t P U T S e a n d H i g h C o n c e n t r a t i o n
M i c r o i n j e c t i o n
H A T C H L I N G
S a c F r y — M i c r o i n j e c t i o n
B a t h — H i g h C o n c e n t r a t i o n , S h o r t D u r a t i o n
A D U L T S ( O R S E X U A L L Y I M M A T U R E S U B A D U L T S )
D i e t a r y
B a t h
I n j e c t i o n
S k i n P a i n t i n g
 
T A B L E 4
T U M O R S I T E S
 
L i v e r
K i d n e y
S w i m B l a d d e r
I n t e s t i n e
E y e
P a n c r e a s ( E x o c r i n e )
S k i n
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A P P L I C A T I O N
O F
I N
V I T R O
T E S T S
I N
A S S E S S I N G
M U T A G E N I C
P O T E N T I A L
O F
S E D I M E N T S
N D
T H E
R E L A T I O N S H I P
T O
F I S H
T U M O R S .
P A R T
I I
b y
A l e x M a c c u b b i n
R o s w e l l
P a r k
M e m o r i a l
I n s t i t u t e
T h e
r e l a t i o n s h i p
b e t w e e n
m u t a g e n i c
p o t e n t i a l
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a n d
f i s h
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A s s u m i n g
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s t a g e s
o f
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i n c l u d e
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p o t e n t i a l
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e x a m i n e
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i n f o r m a t i o n
a b o u t
m u t a g e n i c
p o t e n t i a l
o f
s e d i m e n t s ,
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o f
p o t e n t i a l
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c a n
c a u s e
t h e
b i o l o g i c a l
e n d p o i n t
o f
t u m o r
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d e p e n d s
o n
a
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o f
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a n d
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o f
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e v e n t s .
T h e s e
e v e n t s
i n c l u d e
e x p o s u r e
t o
t h e
c h e m i c a l ,
a b s o r p t i o n ,
b i o d i s t r i b u t i o n ,
m e t a b o l i s m ,
r e a c t i o n
w i t h
m a c r o m o l e c u l e s
a n d
f i n a l l y
e x p r e s s i o n
o f
b i o l o g i c a l
e n d p o i n t s
s u c h
a s
t o x i c i t y ,
t e r a t o g e n i c i t y ,
m u t a g e n i c i t y
a n d
c a r c i n o g e n i c i t y .
T h e s e
e v e n t s
m a y
b e
m o d i f i e d
i n
m a n y
w a y s
b y
m a n y
f a c t o r s .
E x p o s u r e
d e p e n d s
u p o n
t h e
t r o p h i c
l e v e l ,
h a b i t s
a n d
h a b i t a t
o f
f i s h
a n d
b i o a v a i l a b i l i t y ,
p e r s i s t e n c e
a n d
p h y s i c a l - c h e m i c a l
p r o p e r t i e s
o f
c h e m i c a l s .
M e t a b o l i s m
m a y
b e
m o d i f i e d
b y
s p e c i e s ,
s e x ,
a g e ,
m e t a b o l i c
c o m p e t e n c e ,
b a l a n c e
b e t w e e n
p h a s e
I
a n d
p h a s e
I I
e n z y m e s
a n d
p o s s i b l y
e x t r a h e p a t i c
v s .
h e p a t i c
m e t a b o l i s m .
R e a c t i o n
w i t h
m a c r o m o l e c u l e s
d e p e n d s
u p o n
t h e
a v a i l a b i l i t y
a n d
n u m b e r
o f
r e c e p t o r s
a n d
t r a p p i n g
a g e n t s
f o r
r e a c t i v e
m o l e c u l e s .
F i n a l l y ,
t h e
e x p r e s s i o n
o f
t h e
e f f e c t s
o f
r e a c t i o n s
w i t h
m a c r o m o l e c u l e s
c a n
b e
m o d i f i e d
b y
r e p a i r ,
g r o w t h ,
d i f f e r e n t i a t i o n ,
p r o m o t e r s ,
c o c a r c i n o g e n s ,
g e n e
s t a b i l i t y ,
i m m u n o l o g i c
s t a t u s
a n d
e n d o c r i n e
s t a t u s
o f
f i s h ,
a s
w e l l
a s
n u t r i t i o n ,
d i s e a s e s
a n d
p o s s i b l y
p a r a s i t e s .
T h e r e
a r e
s e v e r a l
c a s e
h i s t o r i e s
w i t h i n
t h e
G r e a t
L a k e s
e c o s y s t e m
t h a t
d o c u m e n t
m u t a g e n i c
p o t e n t i a l
i n
s e d i m e n t s
a n d
t h e
e x i s t e n c e
o f
f i s h
w i t h
t u m o r s .
T h e s e
s t u d i e s
a l o n g
w i t h
t h o s e
o n
f i s h
a n d
s e d i m e n t s
o f
P u g e t
S o u n d ,
W a s h i n g t o n
p r o v i d e
e v i d e n c e
f o r
a
l i n k
b e t w e e n
s e d i m e n t — b o u n d
c h e m i c a l s
a n d
n e o p l a s i a
o n
f i s h .
H o w e v e r ,
t h e
p r e d i c t i v e
v a l u e
o f
p o s i t i v e
m u t a g e n e s i s
u s i n g
i n
v i t r o
b i o a s s a y s
f o r
f i s h
t u m o r s
s t i l l
r e m a i n s
q u e s t i o n a b l e
b e c a u s e
o f
a
l a c k
o f
k n o w l e d g e
a b o u t
t h e
s e q u e n c e
o f
e v e n t s
b e t w e e n
e x p o s u r e
a n d
a
t u m o r
e n d p o i n t
a n d
m o r e
i m p o r t a n t l y
t h e
f a c t o r s
t h a t
m o d i f y
t h e
p r o c e s s
o f
c a r c i n o g e n e s i s
a t
t h e
v a r i o u s
s t a g e s .
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I N
V I T R O
T E S T
R E S P O N S E S
N I T H
E X T R A C T S
O F
A
T U M O R I G E N I C
S E D I
E N T :
C O R R E L A T I O N S
N I T H
N E O P L A S T I C
D I S E A S E
I N D U C E D
I N
T W O
S E D I M E N T — E X P O S E D
M A R I N E
S P E C I E S
b y
A .
M a l c o l m l ,
L .
M i l l s z ,
G .
P e s c h l ,
C .
M u e l l e r z ,
S .
A n d e r s o n 2
D .
R o b s o n z ,
A .
S e n e c a l a ,
R .
P r u e l l l ,
E .
M c F a d d e n ,
a n d
G .
G a r d n e r 1
1 U . S .
E n v i r o n m e n t a l
P r o t e c t i o n
A g e n c y
2 S c i e n c e
A p p l i c a t i o n s
I n t e r n a t i o n a l
C o r p o r a t i o n
3 U n i v e r s i t y o f R h o d e I s l a n d
A
b a t t e r y
o f
s h o r t — t e r m
t e s t s
( m u t a t i o n
i n
S a l m o n e l l a ,
s i s t e r
c h r o m a t i d
e x c h a n g e
i n C h i n e s e
h a m s t e r V 7 9
l u n g
f i b r o b l a s t s ,
a n d
i n h i b i t i o n
o f
g a p — j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n i n V 7 9 c e l l s ) w a s a p p l i e d t o w h o l e
a n d f r a c t i o n a t e d s o l v e n t e x t r a c t s o f a c h e m i c a l l y — c o n t a m i n a t e d m a r i n e s e d i m e n t
d e m o n s t r a t e d t o c a u s e n e o p l a s t i c d i s e a s e i n f l o u n d e r a n d o y s t e r s .
R e s p o n s e s
i n a s s a y s d e s i g n e d t o d e t e c t g e n o t o x i c a g e n t s ( m u t a t i o n i n S a l m o n e l l a a n d
s i s t e r c h r o m a t i d e x c h a n g e i n V 7 9 c e l l s ) c o r r e l a t e d w i t h t h e p r e s e n c e o f
i n d i r e c t — a c t i n g , g e n o t o x i c c a r c i n o g e n s i d e n t i f i e d i n t h e s e d i m e n t . W i t h o u t
e x c e p t i o n , e x o g e n o u s m e t a b o l i s m w a s r e q u i r e d t o d e t e c t g e n o t o x i c a g e n t s ,
s u g g e s t i n g t h e a b s e n c e o f l o w c o n c e n t r a t i o n o f d i r e c t — a c t i n g g e n o t o x i c
c a r c i n o g e n s . S i g n i f i c a n t i n h i b i t i o n o f g a p — j u n c t i o n a l i n t e r c e l l u l a r
c o m m u n i c a t i o n , a p o s s i b l e i n v i t r o b i o m a r k e r f o r t u m o r p r o m o t e r s , w a s o b t a i n e d
o n l y w i t h F 4 o f t h e t u m o r i g e n i c s e d i m e n t .
A l t h o u g h t h i s r e s p o n s e s u g g e s t e d
t h e p r e s e n c e o f o n e o r m o r e t u m o r p r o m o t e r s , k n o w n t u m o r p r o m o t e r s i d e n t i f i e d
i n t h i s s e d i m e n t w o u l d h a v e b e e n i n o t h e r e x t r a c t f r a c t i o n s .
T h u s , e f f e c t s o n
g a p — j u n c t i o n a l c o m m u n i c a t i o n w e r e n o t d u e t o e f f e c t s o f i d e n t i f i e d p r o m o t e r s .
I n c o m b i n a t i o n , t h e s h o r t - t e r m t e s t r e s p o n s e s c o r r e l a t e d w i t h t h e n e o p l a s t i c
d i s e a s e
i n d u c e d
i n e x p o s e d
a n i m a l s .
I N T R O D U C T I O N
T h e f i n d i n g s p r e s e n t e d h e r e r e s u l t f r o m a r e c e n t c o l l a b o r a t i v e s t u d y w i t h
t h e N a t i o n a l C a n c e r I n s t i t u t e .
T h i s s t u d y w a s d e s i g n e d t o e v a l u a t e t h e
c a p a c i t y o f s p e c i f i c s e d i m e n t s t o i n d u c e n e o p l a s t i c d i s e a s e i n t h e w i n t e r
f l o u n d e r a n d A m e r i c a n o y s t e r .
D e t a i l s o f t h i s s t u d y a r e a v a i l a b l e ( G a r d n e r
e t a l .
1 9 8 7 ) .
A c o n t a m i n a t e d s e d i m e n t f r o m B l a c k R o c k H a r b o r , B r i d g e p o r t ,
C o n n e c t i c u t ,
w a s
t h e t e s t
s e d i m e n t .
A r e l a t i v e l y
c l e a n
s e d i m e n t
f r o m c e n t r a l
L o n g I s l a n d S o u n d s e r v e d a s t h e r e f e r e n c e s e d i m e n t .
T h e c o l l a b o r a t i v e s t u d y
w a s
b a s e d o n e a r l i e r ,
p r e l i m i n a r y
e v i d e n c e
t h a t e x p o s u r e
t o B l a c k R o c k H a r b o r
s e d i m e n t i n d u c e d K i d n e y a n d r e p r o d u c t i v e t r a c t t u m o r s i n o y s t e r s a n d
p r o l i f e r a t i v e
l e s i o n s
i n t h e p i t u i t a r y
g l a n d o f w i n t e r
f l o u n d e r .
A s p a r t o f
t h e
c o l l a b o r a t i v e
s t u d y ,
s o l v e n t
e x t r a c t s
o f
t h e
e x p e r i m e n t a l
a n d
r e f e r e n c e
s e d i m e n t s
w e r e
t e s t e d
i n
s e l e c t e d
i n
v i t r o
a s s a y s
d e s i g n e d
t o
d e t e c t
g e n o t o x i c
c a r c i n o g e n s
a n d
t u m o r - p r o m o t i n g
c h e m i c a l s .
T h e
p u r p o s e
o f
t h e
i n
v i t r o
t e s t i n g
w a s
t o
d e t e r m i n e
( 1 )
i f
t h e
c a r c i n o g e n i c
p o t e n t i a l
o f
t h e
s e d i m e n t s
c o u l d
b e
c h a r a c t e r i z e d
w i t h
s u c h
a s s a y s ,
a n d
( 2 )
t o
t e s t
c o r r e l a t i o n s
b e t w e e n
i n v i t r o
a s s a y
r e s p o n s e s
a n d
t h e
p r e s e n c e
o f s p e c i f i c
c a r c i n o g e n i c
o r
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 t u m o r — e n h a n c i n g c h e m i c a l s i n t h e e x t r a c t s . S u m m a r i z e d b e l o w a r e t h e m e t h o d s
u s e d i n s e d i m e n t e x t r a c t i o n a n d t h e t e s t i n g o f s e d i m e n t e x t r a c t s . i n v i t r o
t e s t r e s u l t s a n d t e s t o r g a n i s m p a t h o l o g y a r e s u m m a r i z e d a l o n g w i t h s e l e c t e d
i n f o r m a t i o n o n s e d i m e n t c h e m i c a l s .
M E T H O D S
D e t a i l s o f a l l m e t h o d s a n d t e s t i n g p r o c e d u r e s u s e d i n t h e s t u d y m a y b e
f o u n d i n G a r d n e r e t a l . 1 9 8 7 . T h e p r o c e d u r e s u s e d i n s e d i m e n t e x t r a c t
p r e p a r a t i o n a n d i n v i t r o t e s t i n g a r e b r i e f l y s u m m a r i z e d b e l o w .
S e d i m e n t E x t r a c t P r e p a r a t i o n
A p r o t o c o l b a s e d o n c o m p o u n d p o l a r i t y w a s f o l l o w e d f o r t h e f r a c t i o n a t i o n
o f s e d i m e n t e x t r a c t s . S e d i m e n t s w e r e e x t r a c t e d w i t h a c e t o n i t r i l e , w a t e r
a d d e d , a n d t h e e x t r a c t p a r t i t i o n e d i n t o p e n t a n e . P e n t a n e m i x t u r e s w e r e
b r o u g h t t o d r y n e s s a n d r e d i s s o l v e d i n d i m e t h y l s u l f o x i d e f o r t e s t i n g a s a w h o l e
e x t r a c t . E x t r a c t f r a c t i o n s w e r e p r e p a r e d b y p l a c i n g t h e p e n t a n e m i x t u r e s o n
s i l i c a g e l c o l u m n s . T h e c o l u m n s w e r e t h e n s e q u e n t i a l l y e l u t e d i n f o u r s t e p s .
T h e F l f r a c t i o n s w e r e e l u t e d w i t h p e n t a n e o n l y a n d c o n t a i n e d h i g h l y n o n p o l a r
c o m p o u n d s s u c h a s P C B s ; F 2 f r a c t i o n s , e l u t e d w i t h a n 8 0 : 2 0 p e n t a n e z m e t h y l e n e
c h l o r i d e m i x t u r e , w e r e P A H f r a c t i o n s ; F 3 f r a c t i o n s , e l u t e d w i t h m e t h y l e n e
c h l o r i d e , c o n t a i n e d p o l y c y c l i c a r o m a t i c k e t o n e s , c a r b a z o l e s a n d p h t h a l a t e s ; F 4
f r a c t i o n s , e l u t e d w i t h m e t h a n o l a n d c o n t a i n i n g t h e m o s t p o l a r c o m p o u n d s , w e r e
l a r g e l y u n c h a r a c t e r i z e d . F o r i n v i t r o t e s t i n g , e a c h f r a c t i o n w a s b r o u g h t t o
d r y n e s s t h e n r e d i s s o l v e d i n d i m e t h y l s u l f o x i d e . B e c a u s e t h i s b a s i c
f r a c t i o n a t i o n p r o c e d u r e w a s a l s o u s e d t o p r e p a r e s e d i m e n t s a m p l e s f o r c h e m i c a l
a n a l y s i s , i n v i t r o r e s p o n s e s c o u l d b e e v a l u a t e d i n r e l a t i o n t o s p e c i f i c
_ c h e m i c a l s u b s t a n c e s p r e s e n t i n t e s t m i x t u r e s .
I n V i t r o A s s a y s
T h e A m e s t e s t f o r m u t a g e n s , s i s t e r c h r o m a t i d e x c h a n g e i n C h i n e s e h a m s t e r
V 7 9 c e l l s a n d i n h i b i t i o n o f g a p - j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n i n V 7 9
c e l l s w e r e u s e d t o e v a l u a t e s e d i m e n t e x t r a c t s . T h e A m e s S a l m o n e l l a / m i c r o s o m a l
a s s a y w i t h p r e i n c u b a t i o n ( A m e s e t a 1 . 1 9 7 5 ; W i l l i a m s a n d P r e s t o n , 1 9 8 3 ) w a s
u s e d w i t h s t r a i n s T A 9 8 , T A 1 0 0 , T A 1 0 2 a n d T A 1 0 4 t o d e t e c t t h e p r e s e n c e o f
m u t a g e n i c a g e n t s . S i s t e r c h r o m a t i d e x c h a n g e i n C h i n e s e h a m s t e r c e l l s w a s u s e d
a s a m e a s u r e o f g e n o t o x i c i t y i n e u c a r y o t i c c e l l s ( L a t t e t a l . 1 9 8 1 ) .
I n h i b i t i o n o f g a p — j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n w a s u s e d a s a
p o s s i b l e b i o m a r k e r f o r t u m o r p r o m o t e r s a n d s e l e c t e d n o n g e n o t o x i c c a r c i n o g e n s
( Y o t t i e t a l . 1 9 7 9 ; M a l c o l m e t a l . 1 9 8 5 ) .
R E S U L T S
P a t h o l o g y
T a b l e s 1 a n d 2 g i v e f r e q u e n c y d a t a f o r s e l e c t e d n e o p l a s t i c a n d o t h e r
p r o l i f e r a t i v e l e s i o n s i d e n t i f i e d i n t h e A m e r i c a n o y s t e r ( C r a s s o s t r e a
v i r g i n i c a ) a n d w i n t e r f l o u n d e r ( P s e u d 0 b 1 e u r o n e c t e s a m e r i c a n u s ) e x p o s e d i n t h e
l a b o r a t o r y t o t e s t a n d r e f e r e n c e s e d i m e n t s ( G a r d n e r e t a l . 1 9 8 7 ) . T h e
c o n t i n u o u s e x p o s u r e o f s u s p e n d e d t e s t s e d i m e n t f o r 3 0 a n d 6 0 d a y s i n d u c e d
m u l t i p l e t y p e s a n d f o r m a t i o n s o f t u m o r s . T h e h i g h e s t f r e q u e n c y o f t u m o r
i n d u c t i o n o c c u r r e d i n r e n a l e x c r e t o r y t i s s u e s , f o l l o w e d i n d e c r e a s i n g o r d e r b y
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t u m o r s i n g i l l ,
g o n a d ,
g a s t r o i n t e s t i n a l ,
h e a r t a n d n e u r a l
t i s s u e s .
T h e l a c k
o f t u m o r r e g r e s s i o n
d u r i n g 3 0 a n d 6 0 d a y p o s t - e x p o s u r e
p e r i o d s
s u g g e s t s
t h e
l e s i o n s
w e r e
a u t o n o m o u s .
T A B L E l
P E R C E N T O Y S T E R S W I T H N E O P L A S T I C D I S E A S E F O L L O W I N G L A B O R A T O R Y
E X P O S U R E
T O T E S T
A N D R E F E R E N C E
S E D I M E N T S
 
 
E X P O S U R E S C E N A R I O *
R E F E R E N C E
T E S T
3 0 / 0 0
0 l 2
3 0 / 6 0
0 l 2
6 0 / 0 0
0 l 5
6 0 / 3 0
0 1 8
 
* E x p o s u r e s e n a r i o i s d a y s e x p o s u r e / d a y s i n c l e a n w a t e r b e f o r e p a t h o l o g i c
a s s e s s m e n t . T h e i n i t i a l n u m b e r o f a n i m a l s p e r t e s t s i t u a t i o n w a s 3 0 0 .
T A B L E 2
P E R C E N T F L O U N D E R W I T H H E M A N G I O M A / O T H E R P R O L I F E R A T I V E L E S I O N S
F O L L O W I N G L A B O R A T O R Y E X P O S U R E T O T E S T A N D R E F E R E N C E S E D I M E N T S
 
Y E A R C L A S S 1 0 0 % R E F E R E N C E 5 0 % R E F E R E N C E / 5 0 % T E S T l 0 0 % T E S T
 
0 - l 0 0 / 0 0 * l 6 / 0 5 * 2 5 / l 3 *
3 3 / 0 3 * * 3 5 / 0 6 * * 2 5 / 2 2 * *
l — 2 0 0 / 0 0 * l 7 / 2 5 * 3 l / 1 9 *
0 9 / l 8 * * 0 9 / 0 9 * * 3 8 / 6 3 * *
 
* A n i m a l s f e d u n c o n t a m i n a t e d m u s s e l s .
* * A n i m a l s f e d m u s s e l s e x p o s e d t o t h e t e s t s e d i m e n t .
F l o u n d e r , e x p o s e d f o u r m o n t h s i n t h e l a b o r a t o r y t o t e s t s e d i m e n t m i x t u r e s
c o n s i s t i n g o f e q u a l a m o u n t s o f t e s t a n d r e f e r e n c e s e d i m e n t s , o r f o o d ( m u s s e l s )
p r e v i o u s l y e x p o s e d t o t e s t s e d i m e n t , d e v e l o p e d n e o p l a s t i c o r o t h e r
p r o l i f e r a t i v e l e s i o n s o f t h e k i d n e y , p a n c r e a s , e x t e r n a l a n d o r a l e p i t h e l i a l
s u r f a c e s . O f p a r t i c u l a r i n t e r e s t w e r e p a n c r e a t i c i n t r a — i n s u l a r n e o p l a s m s
o b s e r v e d i n f i s h e x p o s e d o n l y t o t e s t s e d i m e n t o r t o a c o m b i n a t i o n o f t e s t
s e d i m e n t a n d b e i n g f e d c o n t a m i n a t e d m u s s e l s . A n i m a l s e x p o s e d f o r 1 2 m o n t h s
d e v e l o p e d h e p a t i c m e g a l o c y t o s i s , g a s t r o i n t e s t i n a l a d e n o m a t o u s p o l y p s a n d r e n a l
c y s t i c a d e n o c a r c i n o m a .
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 I n V i t r o A s s a y s
R e s p o n s e d a t a f o r r e v e r s e m u t a t i o n i n f o u r s t r a i n s o f S a l m o n e l l a , s i s t e r
c h r o m a t i d e x c h a n g e i n C h i n e s e h a m s t e r V 7 9 c e l l s , a n d i n h i b i t i o n o f
g a p - j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n i n V 7 9 c e l l s a r e s u m m a r i z e d i n
T a b l e 3 . P o s i t i v e r e s p o n s e s i n S a l m o n e l l a a n d f o r s i s t e r c h r o m a t i d e x c h a n g e
w e r e o b t a i n e d o n l y w h e n e x t r a c t e x p o s u r e w a s c o m b i n e d w i t h a n e x o g e n o u s
m i c r o s o m a l ( 8 — 9 f r a c t i o n o f P C B — i n d u c e d r a t l i v e r ) m e t a b o l i z i n g s y s t e m .
T A B L E 3
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R e s p o n s e ( R ) i s a s s e s s e d i n t e r m s o f i n c r e a s e o v e r b a c k g r o u n d ( 8 ) .
( + ) = 2 . 0 B g R < 2 . S B ; ( + + ) = 2 . S B g R < 3 . 0 B ; ( + + + ) = 3 . 0 B g R < 3 . S B ;
( + + + + ) = 3 . S B g R .
D I S C U S S I O N
T h e d e v e l o p m e n t o f t u m o r s i n o y s t e r s e x p o s e d t o t e s t b u t n o t r e f e r e n c e
s e d i m e n t , c o u p l e d w i t h t h e o c c u r r e n c e o f t u m o r s i n f l o u n d e r f o r a l l e x p o s u r e
s i t u a t i o n s e x c e p t t h o s e c o n s i s t i n g o f r e f e r e n c e s e d i m e n t p l u s u n c o n t a m i n a t e d
f o o d , d e m o n s t r a t e a c a u s a l r e l a t i o n s h i p b e t w e e n t u m o r d e v e l o p m e n t i n t h e s e
o r g a n i s m s a n d e x p o s u r e t o t h e t e s t s e d i m e n t .
N h o l e a n d f r a c t i o n a t e d s o l v e n t e x t r a c t s ( F l — F 4 ) o f t e s t a n d r e f e r e n c e
s e d i m e n t s w e r e t e s t a b l e f o r m u t a g e n s i n S a l m o n e l l a a n d f o r s i s t e r c h r o m a t i d
e x c h a n g e i n C h i n e s e h a m s t e r V 7 9 c e l l s . M o s t o f t h e r e s p o n s e s f o r g e n o t o x i c i t y
w e r e o b t a i n e d w i t h e x t r a c t s o f t h e t e s t s e d i m e n t a n d t h i s c o r r e l a t e d
w i t h t h e
e x p o s u r e s r e q u i r e d f o r t u m o r i n d u c t i o n i n e x p e r i m e n t a l a n i m a l s . T h e r e f e r e n c e
s e d i m e n t g e n e r a l l y
c o n t a i n e d
t h e s a m e c h e m i c a l s
a s t h e t e s t s e d i m e n t ,
e x c e p t
a t m u c h
l o w e r
c o n c e n t r a t i o n s .
T h e f a c t t h a t g e n o t o x i c
a c t i v i t y
w a s n o t
d e t e c t e d
w i t h
F l i s c o n s i s t e n t
w i t h
t h e t y p e s
o f c o m p o u n d s
a s s o c i a t e d
w i t h
t h i s f r a c t i o n ( P C B s , a l i p h a t i c h y d r o c a r b o n s
a n d c y c l o a l k a n e s ,
m a n y c h l o r i n a t e d
p e s t i c i d e s
a n d t w o - r i n g a r o m a t i c h y d r o c a r b o n s .
A l t e r n a t i v e l y ,
t h e h i g h l e v e l
o f g e n o t o x i c i t y
a s s o c i a t e d
w i t h
F 2 c o r r e l a t e d
w i t h
t h e
l a r g e
n u m b e r
o f
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 g e n o t o x i c a n d c a r c i n o g e n i c P A H s k n o w n t o b e i n t h i s f r a c t i o n .
A l t h o u g h p o o r l y
c h a r a c t e r i z e d c h e m i c a l l y , F 3 c o u l d c o n t a i n s u b s t i t u t e d c a r b a z o l e s a n d n a t u r a l
o r s u b s t i t u t e d a n t h r a q u i n o n e s d e m o n s t r a t e d t o b e g e n o t o x i c i n s o m e s h o r t - t e r m
t e s t s ( T i k k a n e n e t a 1 . 1 9 8 3 ; N i s h i o e t a 1 . 1 9 8 2 ; I A R C 1 9 8 3 ) . F 4 i s c h e m i c a l l y
"
u n c h a r a c t e r i z e d . T h e u n q u a l i f i e d r e q u i r e m e n t f o r e x o g e n o u s m e t a b o l i s m t o
d e t e c t g e n o t o x i c a c t i v i t y i s c o n s i s t e n t w i t h t h e c l a s s e s o f g e n o t o x i c a g e n t s
i d e n t i f i e d i n t h e t e s t s e d i m e n t .
T h i s f i n d i n g a l s o s u p p o r t s t h e h y p o t h e s i s
t h a t t h e s e d i m e n t s c o n t a i n e d f e w ( i f a n y ) d i r e c t — a c t i n g c a r c i n o g e n s . I n
g e n e r a l , g r e a t e r g e n o t o x i c i t y w a s o b t a i n e d w i t h e x t r a c t f r a c t i o n s t h a n w i t h
w h o l e
e x t r a c t s ,
s u g g e s t i n g
a n t a g o n i s t i c
i n t e r a c t i o n s
i n t h e l a t t e r .
T h e s t r o n g i n h i b i t i n g e f f e c t o f f r a c t i o n 4 o f t h e t e s t s e d i m e n t e x t r a c t o n
g a p — j u n c t i o n a l
i n t e r c e l l u l a r
c o m m u n i c a t i o n
i n V 7 9 c e l l s
s u g g e s t
t h e p r e s e n c e
o f a p o t e n t i a l l y
p o w e r f u l ,
d i r e c t - a c t i n g ,
t u m o r
p r o m o t e r .
T h i s r e s p o n s e
w a s
n o t d u e t o k n o w n
t u m o r
p r o m o t e r s
a c t i v e
i n t h e a s s a y
( e g . P C B s ,
c h l o r i n a t e d
p e s t i c i d e s )
a s t h e s e
w o u l d
h a v e b e e n i n o t h e r
f r a c t i o n s .
I t h a s a l s o b e e n
d e t e r m i n e d
( M i l l s
e t a 1 . 1 9 8 8 )
t h a t c h e m i c a l s
e n h a n c i n g
g a p — j u n c t i o n a l
i n t e r c e l l u l a r
c o m m u n i c a t i o n
( e . g .
2 , 4 - d i a m i n o t o l u e n e )
m a y r e v e r s e
o r s u p p r e s s
t h e i n h i b i t i n g
e f f e c t s
o f o t h e r
c o m p o u n d s
( e . g .
p h o r b o l
m y r i s t a t e
a c e t a t e ,
a l d r i n ,
c y c l o h e x y l a m i n e ) .
T h e p r e s e n c e
o f s u c h c h e m i c a l s
i n c o m p l e x
m i x t u r e s
m a y m a s k t h e p r e s e n c e
o f g a p - j u n c t i o n a l
i n t e r c e l l u l a r
c o m m u n i c a t i o n
i n h i b i t o r s .
T h i s p h e n o m e n o n
m a y e x p l a i n
t h e s t r o n g
r e s p o n s e
w i t h f r a c t i o n
4
w h e r e a s
l i t t l e
o r n o r e s p o n s e
w a s o b t a i n e d
w i t h w h o l e
e x t r a c t .
O v e r a l l , i n v i t r o t e s t s o f s e d i m e n t e x t r a c t s m a y p r o v i d e i n e x p e n s i v e a n d
r a p i d a p p r o a c h e s t o p r o b l e m d i a g n o s i s a n d i d e n t i f i c a t i o n o f c a u s a l
r e l a t i o n s h i p s . A l t h o u g h a g o o d c o r r e l a t i o n w a s o b t a i n e d b e t w e e n t u m o r
i n d u c t i o n i n t e s t s p e c i e s a n d i n v i t r o t e s t r e s p o n s e s w i t h t h e t u m o r i g e n i c
s e d i m e n t , s u c h t e s t s m a y n o t b e b r o a d l y p r e d i c t i v e o f c a r c i n o g e n i c e f f e c t s
( T e n n a n t e t a 1 . 1 9 8 7 ) . A d d i t i o n a l r e s e a r c h i s n e e d e d t o e s t a b l i s h t h e
u s e f u l n e s s o f i n v i t r o t e s t s w i t h s e d i m e n t e x t r a c t s t o p r e d i c t c a r c i n o g e n i c
e f f e c t s i n a q u a t i c a n i m a l s .
R E F E R E N C E S
A m e s , B . N . , J . M c C a n n a n d E . Y a m a s a k i . 1 9 7 5 . M e t h o d s f o r d e t e c t i n g
c a r c i n o g e n s a n d m u t a g e n s w i t h t h e S a l m o n e l l a / m a m m a l i a n m i c r o s o m e
m u t a g e n i c i t y t e s t . M u t a t . R e s . 3 1 : 3 4 7 — 3 6 4 .
G a r d n e r , G . R . , P . P . Y e v i c h , A . R . M a l c o l m a n d R . J . P r u e l l . 1 9 8 7 .
C a r c i n o g e n i c e f f e c t s o f B l a c k B o c k H a r b o r s e d i m e n t o n A m e r i c a n o y s t e r s a n d
w i n t e r f l o u n d e r . F i n a l r e p o r t t o t h e N a t i o n a l C a n c e r I n s t i t u t e .
I n t e r n a t i o n a l A g e n c y f o r R e s e a r c h o n C a n c e r . 1 9 8 3 . I A R C M o n o g r a p h s o n t h e
E v a l u a t i o n o f t h e C a r c i n o g e n i c R i s k o f C h e m i c a l s t o H u m a n s . V o l . 3 2 .
P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n s , P a r t 1 . C h e m i c a l , E n v i r o n m e n t a l a n d 1
E x p e r i m e n t a l D a t a . I A R C , L y o n .
L a t t , S . A . , J . A l l e n , S . E . B l o o m , E . F a l k e , D . K r a m , E . S c h n e i d e r , R . S c h r e c k ,
R . T i c e , B . W h i t f i e l d a n d S . W o l f . 1 9 8 1 . S i s t e r c h r o m a t i d e x c h a n g e : A
r e p o r t o f t h e G e n e - T o x p r o g r a m . M u t a t . R e s . 8 7 : 1 7 — 6 2 .
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M a l c o l m , A . R . , L . J . M i l l s a n d E . J . M c K e n n a . l 9 8 5 . E f f e c t s o f p h o r b o l
m y r i s t a t e a c e t a t e , p h o r b o l d i b u t y r a t e , e t h a n o l , d i m e t h y l s u l f o x i d e , p h e n o l
a n d s e v e n m e t a b o l i t e s o f p h e n o l o n m e t a b o l i c c o o p e r a t i o n b e t w e e n C h i n e s e
h a m s t e r V 7 9 l u n g f i b r o b l a s t s . C e l l B i o l . T o x i c o l . l : 2 6 9 - 2 8 3 .
M i l l s , L . J . , D . L . R o b s o n a n d A . R . M a l c o l m . l 9 8 8 . I n t e r a c t i o n s b e t w e e n t w o
p h o r b o l e s t e r s , a l d r i n , c y c l o h e x y l a m i n e , a n d 2 , 4 — d i a m i n o t o l u e n e i n t h e
V 7 9 / m e t a b o l i c c o o p e r a t i o n a s s a y . P o s t e r p r e s e n t e d a t t h e S y m p o s i u m o n
T o x i c o l o g i c a l I m p l i c a t i o n s o f A l t e r e d G a p J u n c t i o n a l I n t e r c e l l u l a r
C o m m u n i c a t i o n ,
S e p t e m b e r
2 8 — 3 0 ,
K e l l o g g
C e n t e r ,
M i c h i g a n
S t a t e
U n i v e r s i t y ,
E a s t L a n s i n g , M i c h i g a n .
N i s h i o , A . , F . D e F e o , C . — C . C h e n g a n d E . M . U y e k i . l 9 8 2 . S i s t e r c h r o m a t i d
e x c h a n g e a n d c h r o m o s o m a l a b e r r a t i o n s b y D H A Q a n d r e l a t e d a n t h r a q u i n o n e
d e r i v a t i v e s i n C h i n e s e h a m s t e r o v a r y c e l l s . M u t a t . R e s . 1 0 1 2 7 7 — 8 6 .
T e n n a n t , R . N . , B . H . M a r g o l i n , M . D . S h e l b y , E . Z e i g e r , J . K . H a s e m a n ,
J . S p a l d i n g , N . C a s p a r y , M . R e s n i c k , S . S t a s i e w i c z , B . A n d e r s o n a n d R .
M i n o r . l 9 8 7 . P r e d i c t i o n o f c h e m i c a l c a r c i n o g e n i c i t y i n r o d e n t s f r o m
i n v i t r o g e n e t i c t o x i c i t y a s s a y s . S c i e n c e 2 3 6 9 3 3 — 9 4 l .
T i k k a n e n , L . , T . M a t s u s h i m a a n d S . N a t o r i . l 9 8 3 . M u t a g e n i c i t y o f
a n t h r a q u i n o n e s i n t h e S a l m o n e l l a p r e i n c u b a t i o n t e s t . M u t a t . R e s .
l l 6 2 2 9 7 — 3 0 4 .
W i l l i a m s , L . R . a n d J . E . P r e s t o n .
1 9 8 3 .
I n t e r i m p r o c e d u r e s f o r c o n d u c t i n g
t h e S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y a s s a y ( A m e s t e s t ) . E n v i r o n m e n t a l
M o n i t o r i n g
S y s t e m s
L a b o r a t o r y ,
U . S . E n v i r o n m e n t a l
P r o t e c t i o n
A g e n c y ,
L a s
V e g a s ,
N V . E P A — 6 0 0 / 4 - 8 2 — 0 8 6 .
Y o t t i , L P . , C — C . C h a n g a n d J . E . T r o s k o .
l 9 7 9 .
E l i m i n a t i o n o f m e t a b o l i c
c o o p e r a t i o n
i n C h i n e s e
h a m s t e r
c e l l s
b y a t u m o r
p r o m o t e r .
S c i e n c e
2 0 6 : l 0 8 9 — l 0 9 l .
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0
l _ V I T R O M U T A G E N I C I T Y T E S T I N G O F S E D I M E N T S
b y
D a v i d R o k o s h
O n t a r i o M i n i s t r y o f t h e E n v i r o n m e n t
A n u m b e r o f i n v i t r o b i o a s s a y s h a v e b e e n u s e d s u c c e s s f u l l y i n t h e
d e t e c t i o n o f m u t a g e n i c a c t i v i t y i n p o l l u t e d s e d i m e n t .
T h e A m e s t e s t , w h i c h h a s b e e n m o s t f r e q u e n t l y u s e d , h a s h a d v a r y i n g
d e g r e e s o f s u c c e s s i n t h e d e t e c t i o n o f m u t a g e n i c a c t i v i t y i n s e d i m e n t .
M e t a b o l i c a c t i v a t i o n i s a k e y c o m p o n e n t i n t h e d e t e c t i o n o f
m u t a g e n i c i t y i n s e d i m e n t . I n c o m p l e t e m e t a b o l i c a c t i v a t i o n l i k e l y
a c c o u n t s f o r v a r i a b l e r e s u l t s w i t h t h e A m e s t e s t .
A l t h o u g h c h e m i c a l e x t r a c t i o n — c o n c e n t r a t i o n m e t h o d s h a v e b e e n
d e s i g n e d t o r e c o v e r P A H s f r o m s e d i m e n t , P A H l e v e l s i n s e d i m e n t d o n o t
c o r r e l a t e w e l l w i t h m u t a g e n i c a c t i v i t y .
A s a n a l t e r n a t i v e a p p r o a c h , t h e m e a s u r e m e n t o f m u t a g e n i c a c t i v i t y i n
t h e b i l e o f a p p r o p r i a t e r e s i d e n t f i s h m a y b e a m e a n s o f d e t e c t i n g
a c t i v i t y a s w e l l a s f i s h e x p o s u r e f r o m m u t a g e n s o r i g i n a t i n g i n
p o l l u t e d e n v i r o n m e n t s .
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C O N C O R D A N C E O F S H O R T — T E R M G E N E T I C T O X I C I T Y T E S T S W I T H T H E
R O D E N T B I O A S S A Y R E S U L T S
b y
J u d s o n N . S p a l d i n g
N a t i o n a l I n s t i t u t e o f E n v i r o n m e n t a l H e a l t h S c i e n c e s
M c C a n n e t a l . ( l 9 7 5 ) r e p o r t e d a h i g h c o r r e l a t i o n ( > 9 0 % ) b e t w e e n
c a r c i n o g e n i c i t y a n d m u t a g e n i c i t y a m o n g 3 0 0 c h e m i c a l s t e s t e d i n t h e
S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y a s s a y . S i n c e t h a t t i m e , t h e r e h a s b e e n a
p r o l i f e r a t i o n
o f s h o r t — t e r m
g e n e t i c
t o x i c i t y
t e s t s
t h a t
h a v e
b e e n
p r o p o s e d
t o
d e t e c t a n d d i s c r i m i n a t e b e t w e e n c a r c i n o g e n s a n d n o n c a r c i n o g e n s . T h e N a t i o n a l
T o x i c o l o g y P r o g r a m ( N T P ) h a s e v a l u a t e d o v e r 2 5 0 c h e m i c a l s f o r c a r c i n o g e n i c
a c t i v i t y i n t h e t w o - y e a r , t w o — s e x / s p e c i e s r o d e n t t o x i c i t y a s s a y .
A p p r o x i m a t e l y
o n e — h a l f
o f t h e s e
c h e m i c a l s
w e r e
i d e n t i f i e d
a s c a r c i n o g e n s
i n a t
l e a s t
o n e
s e x / s p e c i e s .
T h i s
i s a n i m p o r t a n t
d a t a
b a s e
b e c a u s e
o f t h e
l a r g e
n u m b e r o f c h e m i c a l s t h a t h a v e b e e n i d e n t i f i e d a s n o n c a r c i n o g e n s w h e n
a d m i n i s t e r e d
a t a m a x i m u m
t o l e r a t e d
d o s e ,
i n t h e
s a m e
p r o t o c o l
a s t h a t
w h i c h
i d e n t i f i e d t h e r o d e n t c a r c i n o g e n s .
T w o r e c e n t s t u d i e s h a v e e v a l u a t e d t h e c a p a b i l i t y o f s h o r t - t e r m t e s t s t o
p r e d i c t r o d e n t c a r c i n o g e n i c i t y .
T h e f i r s t s t u d y ( T e n n a n t e t a l . l 9 8 7 ) w a s
u n d e r t a k e n t o e v a l u a t e t h e p r e d i c t i v e c a p a b i l i t y o f f o u r v a l i d a t e d s h o r t — t e r m
g e n e t i c
t o x i c i t y
t e s t s
f o r 7 3 c h e m i c a l s
i d e n t i f i e d
a s e i t h e r
c a r c i n o g e n s
( 4 4 )
o r n o n c a r c i n o g e n s
( 2 9 )
i n t h e N T P / N C I
r o d e n t
t o x i c i t y
b i o a s s a y .
T h e s e
c h e m i c a l s
w e r e
t e s t e d
u n d e r
c o d e
i n
t h e
A m e s
S a l m o n e l l a / m i c r o s o m e
( S A L )
m u t a g e n e s i s
a s s a y ,
t h e a s s a y s
f o r c h r o m o s o m e
a b e r r a t i o n
( A B S )
a n d s i s t e r
c h r o m a t i d
e x c h a n g e
( S C E )
i n d u c t i o n
i n C h i n e s e
h a m s t e r
o v a r y
c e l l s ,
a n d
t h e
m o u s e
l y m p h o m a
L 5 l 7 8 Y
( M L Y M )
c e l l
m u t a g e n e s i s
a s s a y .
T h e
s e c o n d
r e p o r t
( A s h b y
a n d
T e n n a n t ,
l 9 8 8 )
a s s e s s e d
2 2 2
c h e m i c a l s
( l l 5
c a r c i n o g e n s ,
2 4
e q u i v o c a l
c a r c i n o g e n s ,
a n d
8 3
n o n c a r c i n o g e n s )
f o r
t h e
c o r r e l a t i o n
b e t w e e n
c h e m i c a l
s t r u c t u r a l
a l e r t s
( p o t e n t i a l
e l e c t r o p h i l i c
' D N A - r e a c t i v e '
s i t e s ) ,
a c t i v i t y
i n
t h e
S a l m o n e l l a / m i c r o s o m e
a s s a y
a n d
t h e
l e v e l
o f
c a r c i n o g e n i c i t y
i n
t h e
r o d e n t
t o x i c i t y
a s s a y .
T h e
m a j o r
c o n c l u s i o n
o f
t h e
f i r s t
r e p o r t
( T e n n a n t
e t
a l .
l 9 8 7 )
w a s
t h a t
n o
o t h e r
s i n g l e
a s s a y
o r
a n y
c o m b i n a t i o n
o f
t h e
f o u r
a s s a y s
e x h i b i t e d
a
s i g n i f i c a n t l y
g r e a t e r
c o n c o r d a n c e
w i t h
t h e
r o d e n t
b i o a s s a y
t h a n
d i d
t h e
S a l m o n e l l a / m i c r o s o m e
a s s a y
b y
i t s e l f .
T h e
a b i l i t y
o f
t h e
S A L
a s s a y
t o
d e t e c t
c a r c i n o g e n s
( s e n s i t i v i t y )
a n d
n o n c a r c i n o g e n s
( s p e c i f i c i t y )
w a s
4 5 %
a n d
8 6 % ,
r e s p e c t i v e l y .
T h e
p o s i t i v e
p r e d i c t i v i t y
o f
t h e
S A L
a s s a y
w a s
8 3 %
a n d
t h e
n e g a t i v e
p r e d i c t i v i t y
w a s
5 l % ;
t h e
o v e r a l l
c o n c o r d a n c e
w i t h
t h e
r o d e n t
b i o a s s a y
w a s
6 2 % .
B o t h
t h e
m o u s e
l y m p h o m a
m u t a g e n i c i t y
a n d
s i s t e r
c h r o m a t i d
e x c h a n g e
a s s a y s
h a d
s i g n i f i c a n t l y
h i g h e r
s e n s i t i v i t i e s
( 7 0 %
a n d
7 3 % ,
r e s p e c t i v e l y )
t h a n
t h e
S A L
a s s a y ,
b u t
t h e
s p e c i f i c i t i e s
o f
b o t h
a s s a y s
w e r e
4 5 %
i n d i c a t i n g
t h a t
t h e s e
a s s a y s
i n c o r r e c t l y
i d e n t i f i e d
o v e r
h a l f
o f
t h e
n o n c a r c i n o g e n s
i n
t h e
d a t a
b a s e
a s
c a r c i n o g e n s .
T h e
S A L
a s s a y
i d e n t i f i e d
2 0
o f
t h e
4 4
r o d e n t
c a r c i n o g e n s ;
a l l
e x c e p t
o n e
( s e l e n i u m
s u l f i d e )
e x h i b i t e d
a
s t r u c t u r a l
a l e r t .
N i n e t e e n
o f
t h e s e
2 0
c h e m i c a l s
w e r e
a l s o
i d e n t i f i e d
i n
a t
l e a s t
t w o
o f
t h e
o t h e r
a s s a y
e n d p o i n t s .
T w e l v e
o f
t h e
2 4
c a r c i n o g e n s
t h a t
t h e
S A L
a s s a y
d i d
n o t
i d e n t i f y
w e r e
a l s o
n o t
i d e n t i f i e d
b y
t w o
o r
m o r e
o f
t h e
o t h e r
t h r e e
e n d p o i n t s .
F i v e
o f
t h e
2 4
c a r c i n o g e n s
u n d e t e c t e d
b y
t h e
S A L
a s s a y
_ 3 2 _
 e x h i b i t e d s t r u c t u r a l a l e r t s a n d t h r e e o f t h e s e f i v e c h e m i c a l s w e r e d e t e c t e d b y
a l l o f t h e o t h e r t h r e e e n d p o i n t s . T h e l a c k o f ' s t r u c t u r a l a l e r t s ' a n d t h e
i n c o n s i s t e n t a c t i v i t y i n t h e o t h e r g e n o t o x i c a s s a y s a r e c h a r a c t e r i s t i c s t h a t
d e f i n e t h e r e m a i n i n g l 9 r o d e n t c a r c i n o g e n s a s b e i n g n o n g e n o t o x i c . T h e o v e r a l l
c o n c o r d a n c e a m o n g t h e f o u r s h o r t — t e r m a s s a y s w a s h i g h ; t h a t i s , a l l f o u r
a s s a y s s h o w e d a g r e e m e n t f o r 3 3 o f t h e 7 3 c h e m i c a l s ( 4 5 % ) ; a n d t h r e e o f t h e
f o u r t e s t s w e r e i n a g r e e m e n t f o r a n a d d i t i o n a l 2 6 ( 3 6 % ) c h e m i c a l s . T h e
n e g a t i v e p r e d i c t i v i t y f o r a l l f o u r a s s a y s w a s n e a r l y i d e n t i c a l ( 5 0 - 5 2 % ) , a
v a l u e w h i c h i s a n i n d i c a t i o n o f t h e s i g n i f i c a n t n u m b e r o f n o n g e n o t o x i c
c a r c i n o g e n s i n t h e d a t a b a s e . T h e r a n g e o f c o n c o r d a n c e o f t h e f o u r t e s t s w i t h
t h e r o d e n t b i o a s s a y w a s 6 0 — 6 2 % .
T h e r e s u l t s o f t h e s e c o n d s t u d y ( A s h b y a n d T e n n a n t , l 9 8 8 ) d e m o n s t r a t e d
t h a t t h e r e w a s a 9 0 % c o r r e l a t i o n b e t w e e n t h e s t r u c t u r a l a c t i v i t y o f a
c h e m i c a l , a n d a c t i v i t y i n t h e S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y a s s a y .
S t r u c t u r a l a c t i v i t y w a s d e f i n e d b y t h e p r e s e n c e o f s t r u c t u r a l u n i t s o r
s u b s t i t u e n t s ( s t r u c t u r a l a l e r t s ) o n a m o l e c u l e t h a t h a v e e l e c t r o p h i l i c
p o t e n t i a l . T h e s t u d y c o n f i r m e d t h a t t h e S A L a s s a y w a s a s e n s i t i v e a n d
c o s t — e f f e c t i v e m e t h o d o f d e t e c t i n g t h e i n t r i n s i c g e n o t o x i c i t y o f a c h e m i c a l .
F u r t h e r m o r e , a p o s i t i v e c o n c o r d a n c e b e t w e e n t h e s t r u c t u r a l a l e r t s a n d t h e S A L
a s s a y a c t i v i t y o f a c h e m i c a l c a n b e e m p l o y e d a s a n i n d e x o f g e n o t o x i c i t y . U s e
o f t h i s i n d e x i n t h e e v a l u a t i o n o f l l 5 r o d e n t c a r c i n o g e n s r e v e a l e d t w o g r o u p s
o f c a r c i n o g e n s w i t h i n t h e d a t a b a s e ; t h o s e t h a t w e r e p u t a t i v e l y n o n g e n o t o x i c
( 4 l ) .
T h e s e t w o s t u d i e s i n d i c a t e t h a t t h e S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y
a s s a y
c a n
i d e n t i f y
t h e
e l e c t r o p h i l i c / g e n o t o x i c
p o t e n t i a l
o f a
c h e m i c a l
w i t h
a
h i g h d e g r e e o f a c c u r a c y . A f u r t h e r s t r a t e g y i s r e q u i r e d t o c o n f i r m t h e
c a r c i n o g e n i c p o t e n t i a l o f c h e m i c a l s s o i d e n t i f i e d . S e v e r a l t e s t i n g s c h e m e s
h a v e b e e n p r o p o s e d ( A s h b y 1 9 8 6 , S h e l b y l 9 8 8 ) t h a t w o u l d u t i l i z e t h e i n v i v o
c h r o m o s o m e a b e r r a t i o n o r m i c r o n u c l e u s t e s t i n t h e b o n e m a r r o w o f m i c e o r
r a t s . B o t h o f t h e s e e n d p o i n t s a r e i n d i c a t o r s o f g e n e t i c t o x i c i t y .
B o t h s t u d i e s h a v e a l s o c l e a r l y i d e n t i f i e d a n o t h e r g r o u p o f c a r c i n o g e n s ,
t h e n o n g e n o t o x i c c a r c i n o g e n s . C u r r e n t l y , t h i s g r o u p o f c a r c i n o g e n s r e p r e s e n t s
b e t w e e n
3 5 - 4 0 %
o f t h e
r o d e n t
c a r c i n o g e n s
i d e n t i f i e d
i n t h e
N T P / N C I
d a t a
b a s e
( A s h b y
a n d
T e n n a n t ,
1 9 8 8 ) .
A t t h e
p r e s e n t
t i m e
t h e r e
i s n o
s i n g l e
t e s t
o r
b a t t e r y o f s h o r t - t e r m t e s t s t h a t c a n d i s c r i m i n a t e b e t w e e n n o n g e n o t o x i c
c a r c i n o g e n s a n d n o n c a r c i n o g e n s . T h i s s u b j e c t i s o f h i g h e s t p r i o r i t y f o r
c o n t i n u e d r e s e a r c h a n d d e v e l o p m e n t .
R E F E R E N C E S
A s h b y , J . 1 9 8 6 . T h e p r o s p e c t s f o r a s i m p l i f i e d a n d i n t e r n a t i o n a l l y h a r m o n i z e d
a p p r o a c h t o t h e d e t e c t i o n o f p o s s i b l e h u m a n c a r c i n o g e n s a n d m u t a g e n s .
M u t a g e n e s i s l : 3 - l 6 .
A s h b y J a n d R . N . T e n n a n t . 1 9 8 8 . C h e m i c a l s t r u c t u r e , S a l m o n e l l a m u t a g e n i c i t y
a n d e x t e n t o f c a r c i n o g e n i c i t y a s i n d i c a t o r s o f g e n o t o x i c c a r c i n o g e n e s i s
a m o n g 2 2 2 c h e m i c a l s t e s t e d i n r o d e n t s b y t h e U . S . N C I / N T P . M u t a t . R e s .
2 0 4 z l 7 — l l 5 .
_ 3 3 _
 
  
M c C a n n ,
J . ,
E .
C h o i ,
E .
Y a m a s a k i
a n d
B . N .
A m e s .
1 9 7 5 .
D e t e c t i o n
o f
c a r c i n o g e n s
a s
m u t a g e n s
i n
t h e
S a i m o n e i i a / m i c r o s o m e
t e s t :
A s s a y
o f
3 0 0
c h e m i c a i s .
P r o c .
N a t .
A c a d .
A c i .
( U S A )
7 2 : 5 1 3 5 — 5 1 3 9 .
S h e i b y ,
M . D .
1 9 8 8 .
T h e
g e n e t i c
t o x i c i t y
o f
h u m a n
c a r c i n o g e n s
a n d
i t s
i m p l i c a t i o n s .
M u t a t .
R e s .
2 0 4
3 — 1 5 .
T e n n a n t ,
R . N . ,
B . H .
M a r g o i i n ,
M . D .
S h e l b y ,
E .
Z e i g e r ,
J . K .
H a s e m a n ,
J .
S p a i d i n g ,
W .
C a s p a r y ,
M .
R e s n i c k ,
S .
S t a s i e w i c z ,
B .
A n d e r s o n
a n d
R .
M i n o r .
1 9 8 7 .
P r e d i c t i o n
o f
c h e m i c a i
c a r c i n o g e n i c i t y
i n
r o d e n t s
f r o m
i n
v i t r o
g e n e t i c
t o x i c i t y
a s s a y s .
S c i e n c e
2 3 6 : 9 3 3 — 9 4 1 .
_ 3 4 _
 
 A P P E N D I X I I
S E D I M E N T S U B C O M M I T T E E M E M B E R S H I P A N D
T E R M S O F R E F E R E N C E
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S E D I M E N T S U B C O M M I T T E E
o f t h e
 
W A T E R Q U A L I T Y P R O G R A M S C O M M I T T E E
U . S . M E M B E R S
D r . M i c h a e 1 J . M a c
N a t i o n a 1 F i s h e r i e s C e n t e r — G r e a t L a k e s
U . S . F i s h a n d W i 1 d 1 i f e S e r v i c e
1 4 5 1 G r e e n R o a d
A n n A r b o r , M i c h i g a n 4 8 1 0 5
M s . L i n d a T a 1 b o t , W R / 2
W a t e r R e s o u r c e s M a n a g e m e n t P r o g r a m
W i s c o n s i n D e p a r t m e n t o f N a t u r a 1 R e s o u r c e s
P . O . B o x 7 9 2 1
1 0 1 S o u t h W e b s t e r S t r e e t , G E F 1 1
M a d i s o n , W i s c o n s i n 5 3 7 0 7
M r . A n t h o n y G . K i z 1 a u s k a s
G r e a t L a k e s N a t i o n a 1 P r o g r a m O f f i c e
S G L - T U B — 1 0
U . S . E n v i r o n m e n t a 1 P r o t e c t i o n A g e n c y
2 3 0 S o u t h D e a r b o r n S t r e e t
C h i c a g o , I 1 1 i n o i s 6 0 6 0 4
D r . M a r k P . B r o w n , C h i e f
S p e c i a 1 P r o j e c t s S e c t i o n
D i v i s i o n o f W a t e r
N e w Y o r k S t a t e D e p a r t m e n t o f
E n v i r o n m e n t a 1 C o n s e r v a t i o n
5 0 W o 1 f R o a d
A 1 b a n y , N e w Y o r k 1 2 2 3 3 — 3 5 0 2
M s . D i a n a K 1 e m a n s
S u r f a c e W a t e r Q u a 1 i t y D i v i s i o n
M i c h i g a n D e p a r t m e n t o f N a t u r a 1 R e s o u r c e s
S t e v e n s T . M a s o n B u i 1 d i n g
P . O . B o x 3 0 0 2 8
L a n s i n g , M i c h i g a n 4 8 9 0 9
M r . R o y D e d a
D e p a r t m e n t o f t h e A r m y
N o r t h C e n t r a 1 D i v i s i o n
C o r p s o f E n g i n e e r s
5 3 6 S o u t h C 1 a r k S t r e e t
C h i c a g o , I 1 1 i n o i s 6 0 6 0 5
1 1 / 8 8
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U . S . M E M B E R S - c o n t ' d .
M r . R o b e r t W y s e n s k i
D i v i s i o n o f W a t e r Q u a 1 i t y
M o n i t o r i n g & A s s e s s m e n t
N o r t h e a s t D i s t r i c t O f f i c e
O h i o E n v i r o n m e n t a 1 P r o t e c t i o n A g e n c y
2 1 1 0 E a s t A u r o r a R o a d
T w i n s b u r g , O h i o 4 4 0 8 7
D r . B r i a n J . E a d i e
G r e a t L a k e s E n v i r o n m e n t a 1
R e s e a r c h L a b / N O A A
U . S . D e p t . o f C o m m e r c e
2 2 0 5 C o m m o n w e a 1 t h B 1 v d .
A n n A r b o r , M i c h i g a n 4 8 1 0 5
C A N A D I A N M E M B E R S
M r . D e o P e r s a u d ( C h a i r m a n )
W a t e r R e s o u r c e s B r a n c h
O n t a r i o M i n i s t r y o f t h e E n v i r o n m e n t
1 3 5 S t . C 1 a i r A v e n u e W e s t
T o r o n t o , O n t a r i o M 4 V 1 P 5
M r . I a n O r c h a r d
E n v i r o n m e n t a 1 P r o t e c t i o n S e r v i c e
O n t a r i o R e g i o n
E n v i r o n m e n t C a n a d a
2 5 S t . C 1 a i r A v e n u e E a s t
T o r o n t o , O n t a r i o M 4 T 1 M 2
M r . A n s a r K h a n
A r c h i t e c t u r a 1 E n g i n e e r i n g
S e r v i c e s
P u b 1 i c W o r k s C a n a d a
O n t a r i o R e g i o n
4 9 0 0 Y o n g e S t r e e t
W i 1 i o w d a 1 e , O n t a r i o M Z N 6 A 6
D r . M o h i M u n a w a r
G r e a t L a k e s L a b o r a t o r y f o r F i s h e r i e s &
A q u a t i c S c i e n c e s
D e p a r t m e n t o f F i s h e r i e s & O c e a n s
C a n a d a C e n t r e f o r I n l a n d W a t e r s
P . O . B o x 5 0 5 0 , 8 6 7 L a k e s h o r e R o a d
B u r 1 i n g t o n , O n t a r i o L 7 R 4 A 6
 
 S E D I M E N T S U B C O M M I T T E E — c o n t ' d
C A N A D I A N M E M B E R S — c o n t ' d .
D r . T r e f o r B . R e y n o l d s o n
N a t i o n a l W a t e r R e s e a r c h I n s t i t u t e
E n v i r o n m e n t C a n a d a
C a n a d a C e n t r e f o r I n i a n d W a t e r s
P . O . B o x 5 0 5 0 , 8 6 7 L a k e s h o r e R o a d
B u r i i n g t o n , O n t a r i o L 7 R 4 A 6
S E C R E T A R Y
D r . M i c h a e i A . Z a r u i i
G r e a t L a k e s R e g i o n a i O f f i c e
I n t e r n a t i o n a l J o i n t C o m m i s s i o n
1 0 0 O u e i i e t t e A v e n u e , 8 t h F i o o r
W i n d s o r , O n t a r i o N 9 A 6 T 3
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A P P R O V E D B Y I J C
l 9 8 6 . l 2 . 0 9
T E R M S O F R E F E R E N C E
F O R T H E
S E D I M E N T S U B C O M M I T T E E
O F T H E
W A T E R Q U A L I T Y P R O G R A M S C O M M I T T E E
B A C K G R O U N D
S e d
i m e
n t
c a n
f u n
c t i
o n
a s
a s
i n k
f o r
c o n
t a m
i n a
n t s
a n d
a l s
o a
s a
s o u
r c e
o f
t h e
s e
c o n
t a m
i n a
n t s
t o
t h e
w a t
e r
c o l
u m n
a n d
t h e
b i o
t i c
c o m
m u n
i t y
.
T h e
m a g
n i t
u d e
a n d
t h e
c o n
d i t
i o n
s
f o r
t h e
t r a
n s f
e r
o f
c o n
t a m
i n a
n t s
e i t
h e r
w a y
,
i s
l a r
g e l
y
u n k
n o w
n .
T h e
r e f
o r e
,
i t
i s
d i f
f i c
u l t
t o
e s t
a b l
i s h
t h e
r e l
a t i
v e
s i g
n i f
i c a
n c e
o f
t h e
s e d
i m e
n t
a s
a
s i n
k
o r
s o u
r c e
o f
c o n
t a m
i n a
n t s
c o m
p a r
e d
w i t
h
o t h
e r
s o u
r c e
s
a n d p a t
h w a
y s .
P r e
v i o
u s l
y ,
t h e
f o c
u s
h a s
b e e
n
o n
c o n
t a m
i n a
t e d
s e d
i m e
n t
i n
r e l
a t i
o n
t o
d r e
d g i
n g
a n d
d i s
p o s
a l
o p e
r a t
i o n
s .
T h i
s
w a s
t h e
t h r
u s t
o f
t h e
W a t
e r
Q u a
l i t
y
B o a
r d '
s
D r e
d g i
n g
S u b
c o m
m i t
t e e
,
w h i
c h
l a r
g e l
y
c o m
p l e
t e d
i t s
c h a
r g e
u n d
e r
i t s
t e r
m s
o f
r e f
e r e
n c e
.
T h e
c u r
r e n
t
u n c
e r t
a i n
t y
o v e
r
m a n
a g e
m e n
t
a n d
t e c
h n i
c a l
o p t
i o n
s
a v a
i l a
b l e
t o
a d d
r e s
s
t h e
i s s
u e
o f
c o n
t a m
i n a
t e d
s e d
i m e
n t s
a f f
e c t
s
t h e
f i n
a l
r e s
o l u
t i o
n
o f
m o s
t
o f
t h e
A r e
a s
o f
C o n
c e r
n
i d e
n t i
f i e
d
b y
t h e
W a t
e r
Q u a
l i t
y
B o a
r d .
I n
o r d
e r
t o
a d d
r e s
s
t h e
b r o
a d e
r
i s s
u e
o f
s e d
i m e
n t
m a n
a g e
m e n
t
i n
t h e
G r e
a t
L a k
e s
e c o
s y s
t e m
,
t h e
W a t
e r
Q u a
l i t
y
B o a
r d
h a s
b r o
a d e
n e d
t h e
r o l
e
o f
t h e
D r e
d g i
n g
S u b
c o m
m i t
t e e
t o
t h a
t
o f
a
S e d
i m e
n t
S u b
c o m
m i t
t e e
.
T E R M S O F R E F E R E N C E
T h
e
S e
d i
m e
n t
S u
b c
o m
m i
t t
e e
w i l
l
r e
p o
r t
t o
t h e
W a
t e
r
Q u
a l
i t
y
P r
o g
r a
m s
C o
m m
i t
t e
e .
T h
e p
r i
m a
r y
f o
c u
s w
i l l
b e
o n
m a
n a
g e
m e
n t
o p
t i
o n
s f
o r
c o
n t
a m
i n
a t
e d
s e
d i
m e
n t
i n
a r
e a
s o
f c
o n
c e
r n
a n d
o n
t h
e C
r i
t i
c a
l P
o l
l u
t a
n t
s ,
a s
i d
e n
t i
f i
e d
b y
t h
e
W a
t e
r Q
u a
l i
t y
B o
a r
d .
T h
e
S u
b c
o m
m i
t t
e e
w i
l l
:
1 .
R e v
i e w
e x i
s t i
n g
p r o
t o c
o l s
d e s
i g n
e d
t o
q u a
n t i
f y
t h e
t r a
n s f
e r
o f
c o n
t a m
i n a
n t s
t o
a n d
f r o
m s
e d i
m e n
t s
a n d
t o
e s t
a b l
i s h
e c o
s y s
t e m
i m p
a c t
.
B a s
e d
o n
t h i
s
r e v
i e w
,
r e c
o m m
e n d
p r o
t o c
o l s
t o
b e
u s e
d o
r
s p e
c i f
i c
r e s
e a r
c h
t o
b e
u n d
e r t
a k e
n
t o
d e f
i n e
t h e
s i g
n i f
i c a
n c e
o f
t h e
s e
i n —
p l a
c e
p o l
l u t
a n t
s
i n
A r e
a s
o f
C o n
c e r
n .
2 .
R e v
i e w
e x i
s t i
n g
t e c
h n o
l o g
i e s
,
i n c
l u d
i n g
r e m
o v a
l
a n d
d i s
p o s
a l ,
t r e
a t m
e n t
,
c a p
p i n
g
a n d
o t h
e r s
f o r
r e m
e d i
a t i
o n
o f
i n —
p l a
c e
p o l
l u t
a n t
i m p
a c t
s .
B a s
e d
o n
t h i
s
r e v
i e w
,
e v a
l u a
t e
t h e
e f f
e c t
i v e
n e s
s ,
f e a
s i b
i l i
t y
a n d
c o s
t s
o f
e x i
s t i
n g
t e c
h n i
q u e
s .
R e p
o r t
o n
t h e
m o s
t
p r o
m i s
i n g
a n d
/ o r
p r o
v e n
t e c
h n o
l o g
i e s
f o r
a p p
l i c
a t i
o n
t o
A r e
a s
o f
C o n
c e r
n
a n d
r e c
o m m
e n d
t e c
h n o
l o g
i e s
t h a
t
s h o
u l d
b e
f u r
t h e
r
e v a
l u a
t e d
o r d e m
o n s
t r a
t e d
.
3 .
M a i
n t a
i n
a r
e g i
s t r
y w
h e r
e r
e m e
d i a
t i o
n o
f t
h e
c o n
t a m
i n a
t e d
s e d
i m e
n t s
h a s
b e e
n
a t t
e m p
t e d
o r
p r o
p o s
e d .
U s e
t h e
s e
e x a
m p l
e s
f o r
e v a
l u a
t i n
g
o r
d e m
o n s
t r a
t i n
g
m i t
i g a
t i v
e
t e c
h n i
q u e
s .
4 .
P e r
i o d
i c a
l l y
r e v
i e w
c r i
t e r
i a
a n d
g u i
d e l
i n e
s f
o r
t h e
c l a
s s i
f i c
a t i
o n
o f
s e d
i m e
n t s
.
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5 .
M a i
n t a
i n
a r
e g i
s t e
r o
f s
i g n
i f i
c a n
t d
r e d
g i n
g p
r o j
e c t
s i
n t
h e
G r e
a t
L a k
e s
B a s
i n
w i t
h i
n f o
r m a
t i o
n o
n s
e d i
m e n
t v
o l u
m e
a n d
c o n
t a m
i n a
n t
c o n
c e n
t a t
i o n
.
6 .
F a c
i l i
t a t
e t
h e
e x c
h a n
g e
o f
s e d
i m e
n t
m a n
a g e
m e n
t i
n f o
r m a
t i o
n i
n c l
u d i
n g ,
b u t
n o t
l i m
i t e
d t o
, i
n f o
r m a
t i o
n r e l
a t i
n g t
o :
d e v
e l o
p m e
n t o f
s e d
i m e
n t
m a n
a g e
m e n
t t
e c h
n o l
o g y
; d
e v e
l o p
m e n
t o
f s
e d i
m e n
t e
v a l
u a t
i o n
p r o
t o c
o l s
;
p r o
c e d
u r e
s t o
c h a
r a c
t e r
i z e a
n d q
u a n
t i f
y m a
s s t
r a n
s p o
r t ;
a n d
f a t
e a n
d
e f f
e c t o f s e d
i m e
n t
a n d a s s
o c i
a t e
d
c o n
t a m
i n a
n t s
.
7 .
I d e n
t i f y
r e s e
a r c h
a n d
i n f o
r m a t
i o n
n e e d
e d t
o r e
m e d i
a t e
p r o b
l e m s
a s s o
c i a t
e d
w i t h c o n t
a m i n
a t e d
s e d i
m e n t
a n d e n c o
u r a g
e
r e s e
a r c h
a n d
d e m o
n s t r
a t i o
n
t o i n v e
s t i g
a t e
a d v a
n c e s
i n s e d i
m e n t
m a n a
g e m e
n t
t e c h
n o l o
g y
a n d t h e p a t h
w a y s
,
f a t e a n d e f f e
c t s
o f s e d i
m e n t
s
a n d
s e d i
m e n t
c o n t
a m i n
a n t s
.
8 .
D e v e
l o p
a w o
r k p
l a n
f o r
s u b m
i s s i
o n t
o t h
e W a
t e r
Q u a l
i t y
P r o g
r a m s
C o m m
i t t e
e ,
i n a c c o
r d a n
c e
w i t h t h e B o a r
d ' s
p l a n
n i n g
a n d b u d g
e t
r e q u
i r e m
e n t s
.
R e v i
e w
t h e w o r k p l a n a n d r e v i
s e
a s n e e d
e d
a t l e a s
t
o n c e a y e a r
.
9 . P r e p a r e p e r i o d i c r e p o r t s o n t h e a b o v e i t e m s a n d u n d e r t a k e o t h e r
a c t i v i t i e s a s d i r e c t e d b y t h e W a t e r Q u a l i t y B o a r d .
M E M B E R S H I P
M e m b e r s o f t h e S e d i m e n t S u b c o m m i t t e e s h a l l b e d r a w n f r o m t h e j u r i s d i c t i o n s
o r o t h e r o r g a n i z a t i o n s e n g a g e d i n s e d i m e n t m a n a g e m e n t a n d r e l a t e d a c t i v i t i e s ,
a n d s h a l l s e r v e i n t h e i r p e r s o n a l a n d p r o f e s s i o n a l c a p a c i t y .
I n c o n s u l t a t i o n w i t h t h e W a t e r Q u a l i t y P r o g r a m s C o m m i t t e e , t h e
S u b c o m m i t t e e m a y e s t a b l i s h t a s k f o r c e s t o a d d r e s s s p e c i f i c s e d i m e n t - r e l a t e d
i s s u e s a s n e e d b e . A c h a i r p e r s o n s h a l l b e d e s i g n a t e d b y t h e W a t e r Q u a l i t y
B o a r d f o r a t w o - y e a r t e r m .
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